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NEWBrCGING'S  HANDBOOK 

FOR 

GAS- ENGINEERS  AND  MANAGERS, 


COAL   GAS. 


INTRODUCTION. 

THE  art  of  coal  g^is  manufacture  is  more  than  a  century  old. 
Between  1792  and  1798,  William  Murdoch,  its  inventor, 
was  engaged,  first  at  Redruth  in  Cornwall,  then  at  Old 
Cumnock  in  Ayrshire,  and  finally  at  Birmingham,  in  experimenting 
with  different  coals,  and  in  devising  apparatus  for  their  distiltarion. 

In  1797-98  lighting  by  coal  gas  became  an  accomplished  fact, 
for  Murdoch,  by  means  of  his  experimental  plant,  first  lit  up  his 
dwelling-house  at  Old  Cumnock  with  the  new  illuminant,  and,  on 
his  removal  to  Birmingham  in  the  latter  year,  having  erected  an 
apparatus  on  a  considerable  scale,  he  lighted  a  portion  of  the 
premises  of  Boulton,  Watt,  &  Co.,  Soho. 

The  circumstance  that  coal  would  yield  an  illuminating  gas 
was  known  long  before  that  time.  Natural  gas,  as  it  was  found 
lo  issue  from  the  bowels  of  the  earth  in  particular  districts  where 
coal  deposits  existed,  had  t>een  the  subject  of  frequent  observa- 
tion, and  its  lighting  power  proved  by  actual  trial ;  but  no 
practical  application  was  made  of  the  knowledge  till  Murdoch 
bent  his  mind  to  the  study  of  the  subject. 

A  centur>'  is  a  long  time  in  the  history  of  an  industry — longer 
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than  one  exactly  realizes  at  a  first  glance.  The  lapse  of  so  many 
years  since  the  discovery  and  applic.itiun  of  g^as-litjht'mtf  confers 
something  of  the  venerableness  of  age  upon  the  art.  This  is  more 
obvious  when  cognizance  is  taken  of  the  initiation  of  other  arts, 
and  the  advances  made  in  them,  and  not  less  so  in  the  progress 
of  the  sciences,  within  thai  period  of  time. 

Take  railways,  for  example.  As  compared  with  these,  gas- 
lighting  is  old,  for  it  had  a  start  in  life  of  thirty  years  before  them. 
Nay,  even  the  steam  engine  :  that  is  no  older  than  the  art  of  gas- 
lightings  and  much  of  its  initiation  and  perfecting  was  due  to  the 
same  fertile  brain,  for  Murdoch  was  Watt's  right-hand'  man  at 
Soho,  and  invented  the  I)  slide-valve,  the  "sun  and  planet*' 
motion,  and  the  oscillating  steam  cylinder.  As  for  the  telegraph, 
the  telephone,  and  electric  lighting,  these  are  but  of  yesterday 
— the  younger  sisters  of  the  useful  arts.  Even  the  science  of 
chemistry  was  only  emerging  from  its  swaddling  clothes  when 
gas-lighting  was  invented. 

Although  Murdoch  had  thus  realized  his  dream  of  employing 
the  gas  produced  from  coal  as  a  lighting  medium,  there  was  still 
much  to  be  done  to  render  the  new  illuminant  acceptable.  The 
impurities  in  the  crude  gas  were  found  to  be  many  and  objection- 
able, and  means  and  appliances  for  their  elimination  had  to  be 
devised.  Suitable  pipes  for  the  conveyance  of  the  gas  to  the 
point  of  combustion  were  also  required-  Murdoch  devoted  much 
time  and  effort  in  these  directions,  washing  the  gas  with  water, 
and  employing  other  means  to  purify  it,  and  using  tinned-copper 
and  iron  lubes  for  its  distribution. 

Other  ingenious  minds  were  early  at  work  in  the  promising 
field  thus  opened  out  to  the  labourer.  Lebon  in  France  ;  Winsor 
at  Frankfort,  and  later  in  London,  where  he  projected  "The 
National  Light  and  Heat  Company,"  afterwards  incorporated  by 
Royal  Charter  as  '*  The  Chartered  Gaslight  and  Coke  Company  ;  *' 
Samuel  Clcgg,  who  had  been  a  pupil  or  apprentice  at  the  Soho 
Works,  Birmingham  ;  Dr.  Henry,  of  Manchester  ;  Northern,  of 
Leeds  ;  Pemberton,  of  Birmingham  ;  John  Malam  ;  Samuel  Crosley 
and  T.  S.  Peckston,  of  London  ;  Reuben  Phillips,  of  Exeter;  and 
Melville,  of  Newport,   Rhode  Island,   U.S.A. 

Chief  amongst  these  pioneers  was  Samuel  Clegg,  who  pos- 
sessed  a   rare    mechanical    skill,    combined   with    much    shrewd 
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'^f  common  sense.     In  1805  he  began  to  apply  himself  to  the  inven- 
tion and  construction  of  gas  apparatus,  and  introduced  the  new 
method  of  illumination  into  many  large  establishments  in  different 
parts  of  the  country.     Clegg  invented  the  hydraulic  main,  and  the 
lime  purifier  as  a  separate  vessel,  though    Mr,   (afterwards  Dr.) 
William  Henry,  of  Manchester,  the  distinguished  chemist,  was  the 
first  to  suggest  the  use  of  lime  as  a  purifying  medium.     Clegg 
also  invented  the  wet  gas  meter,  and  evinced  infinite  resource  in 
I         improving  the  apparatus  of  the  gas  factory  in  every  department. 
^m         In  these  respects  he  was  ably  seconded  by  John   Malam,  who 
^^   now  stepped  in  and  perfected  the  meter  in  such  a  way  as  to  render 
it  one  of  the  most  ingenious  measuring  appliances  of  this  or  any 
^L   past  age.     The  arrangement   of   four  purifiers,   which,   with    the 
^M  centre  valve,  holds  the  field  to  this  day,  was  also  the  product  of 
^P   Malam's  ingenuity. 

^^         The  new  art  of  gas-Iightlng  was  fortunate  in  many  of  these  its 
I        early  exponents. 

^ft         The    '*  Chartered  "    vessel,    launched    by    Winsor   and   others 
^*    associated  with   him,  floundered  about  for  a  while  in  a  troubled 
and,  at  times,  a  boisterous  sea,  due,  no  doubt,  to  the  inexperience, 
but  largely  also  to  the  incompetence,  of  some  of  those  in  charge  ; 
^^    till,  at  length,  the  skilful  pilotage  of  Samuel  Clegg,  who  eventually 
^h  assumed  the  command  (in  1813),  brought  her  into  smooth  waters. 
^^         It  is  not  surprising  that  mistakes  were  made  at  first,  and  thai 
immediate  success  failed  to  attend   the  early  efforts  of  the  pro- 
moters of  gas  enterprise.     The  art  was  a  new  one  ;   nothing  akin 
^—    to  it   was   there   to   serve   as   a   model   or   afford   direction   and 
^P  guidance.        AH     the     appliances    of    manufacture,     purification, 
^^    storage,  and  distribution  had  not  only  to  be  made  but  invented. 
^^    The  prejudices  of  the  public,  too,  had  to  be  overcome. 
^H         Winsor,  with  the  best  intentions,  scarcely  helped  to   remove 
^m  these  prejudices.     His  enthusiastic  advocacy,  with  something  of 
^P    foresight,  had  in  it  much  of  unwisdom.      He  projected  the  wildest 
schemes  of  gas  enterprise  ere  yet  the  public  -  even  the  immediate 
public  who  listened  to  his  harangues  and  read  his    pamphlets — 
had   had    time   or   opportunity  to   grasp  the   importance   of  the 
subject. 

Gradually,    however,   confidence    was    established.      Distrust 
gave  way  to  admiration  ;  for,  under  the  daily  improving  manage- 
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ment,  the  new  artificial  light  was  shown  to  be  not  only  cheaper 
and  safer,  but  vastly  superior  in  lightings  power,  cleanliness,  and 
handtness  to  anything  previously  in  use. 

Other  companies  were  soon  established  in  the  Metropolis. 
One  by  one  (like  stars  coming  out  at  dusk)  the  larger  towns  of  the 
kingdom  had  each  its  gas  connpany,  lighting  the  public  streets 
and  thoroughfares,  and  supplying  its  growing  number  of  private 
consumers. 

Thus  the  new  art  grew  from  precarious  childhood  into  youth 
and  sturdy  manhood. 

It  is  not  loo  strong  an  assertion  lo  make,  that  gas-lighting, 
during  the  century  of  its  existence,  has  proved  one  of  the  greatest 
boons  enjoyed  by  civihzed  humanity,  and  no  industry  that  can  be 
named  has  had  a  steadier  or  more  abundant  success. 

This  success  has  been  due  to  two  main  causes  :  The  inherent 
utility  and  value  of  the  invention,  and  the  skill,  probity,  and  busi- 
ness capacity  of  most  of  those  who,  in  the  earlier  years,  took  a 
leading  part  in  its  furtherance. 

The  progress  which  has  been  made  during  the  century  in  the 
machinery  of  gas  manufacture  is  very  striking.  This  has  not 
been  a  mere  advance  in  the  capacity  of  the  various  appliances  due 
to  the  growing  demand  for  gas-lighting  on  the  part  of  consumers, 
but  is  a  positive  revolution  in  constructive  detail. 

In  the  first  days  of  the  invention  the  retorts  used  were  of  iron, 
and  were  placed  in  the  vertical  position  in  the  furnace.  This  was 
the  mode  of  erection  that  would  naturally  be  adopted  at  first,  inas- 
much as  it  lends  itself  to  convenience  in  depositing  the  charge. 

But  it  was  very  soon  found  that  the  difficulty  of  withdrawing 
the  residual  coke  was  such  that  an  alteration  in  the  position  was 
an  absolute  necessity.  Accordingly,  no  long  time  elapsed  before 
the  retorts  began  to  be  laid,  first,  at  an  inclination,  and  then 
horizontally ;  and  instead  of  only  one  retort,  two,  three,  and 
eventually  five,  were  set  together  and  heated,  at  first  by  two 
furnaces,  but  later  by  one  furnace  only. 

This  was  a  manifest  improvement,  and  it  held  its  ground  for 
many  years.  At  the  present  time,  in  all  considerable  gas-works, 
settings  of  six,  seven,  eight,  nine,  and  even  ten  and  eleven  retorts 
are  in  vogue. 

Gradually  it  was  found  that  a  high  temperature  was  necessary 
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for  economical  distillation,  inasmuch  as  with  the  lower  ranges  of 
temperature  it  was  seen  that,  instead  of  the  evolution  of  gas,  the 
products  were  largely  in  the  liquid  form. 

The  retorts  themselves  were  oriiiinally  of  cast-iron,  and  con- 
tinued so  to  be  till  well  into  the  middle  of  the  century.  As  the 
advantages  of  the  higher  temperatures  of  distillation  began  to  be 
recognized,  these  were  gradually  replaced,  though  not  without  a 
struggle,  by  retorts  made  of  moulded  fire-clay,  or  built  up  of 
segmental  bricks  and  tiles. 

Instead  of  direct  firing,  the  regenerative  method  of  heating  the 
retorts,  whereby  the  solid  ooke  is  converted  into  gaseous  fuel 
(CO),  is  rapidly  becoming  generally  applied,  and  with  marked 
advantage  from  every  point  of  view. 

The  ironwork  mountings  of  the  retort  bench  have  undergone 
considerable  modification  and  improvement  during  the  century. 
Self-sealing  lids,  the  invention  of  Mr.  Robert  Morton,  for  the 
retort  mouthpieces,  have  been  introduced.  The  ascension, 
bridge,  and  dip  pipes  have  been  modified  and  enlarged  ;  and  the 
hydraulic  main  is  now  made  of  wrought-iron  or  niMd  steel,  and  of 
an  improved  pattern.  Subsidiary  or  foul  mains  have  been  added, 
by  which  the  gas  and  denser  liquid  products  are  conveyed  separ- 
ately away. 

The  problem  of  the  application  of  machinery  in  gas  manu- 
facture, and  the  consequent  saving  of  manual  labour,  is  advanc- 
ing towards  perfection.  This  was  the  dream  of  the  early  gas 
engineers,  some  of  whom  attempted  it  without  success.  With  an 
ingenuity  and  persistency  deserving  of  all  praise,  Mr.  John  West 
devised  machinery  for  stoking,  and  has,  year  by  year,  improved 
both  his  hand  and  power  charging  and  drawing  machines,  Mr. 
William  Foulis  was  also  a  pioneer  in  the  same  direction,  and  his 
machinery  for  that  purpose  finds  wide  acceptance. 

Inclined  or  sloping  retorts,  set  at  an  angle  of  30  to  33  degrees, 
are  amongst  the  latest  developments  in  the  carbonizing  department 
of  a  gas-works.  Settings  of  this  kind,  employed  by  M.  Coze,  of 
Rheims,  attracted  much  attention  about  thirteen  years  ago,  and 
have  been  adoplud  at  many  gas-works  in  this  country  and  abroad. 
The  method  and  appliances  for  charging  the  sloping  retorts  were 
imperfect  and  unsatisfactory  at  the  beginning.  Charging  appli- 
ances of  a  new  type  have  been  introduced,  making  the   system 
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thoroughly  practicable.  Without  doubt,  a  great  future  awaits  the 
system,  as  it  simplifies  the  operations  and  mitigates  the  labour 
in  the  retort  house,  besides  increasinjif  the  productive  capacity  of 
the  available  floor  area.  The  idea  of  emptoyiny  retorts  set  in  the 
inclined  position  was  not  new^  but  an  impetus  was  given  to  the 
system  by  its  adoption,  under  improved  conditions,  at  Rheims. 

Whether  ft  will  ever  be  possible  to  introduce  a  method  of  con- 
tinuous carbonization,  the  fresh  coal  bein^  supplied  to  the  retort 
and  the  coke  discharged  automatically,  and  without  cessation  in 
the  working,  it  is  difficult  to  say.  CIcgg  tried  it  and  failed. 
Other  attempts  to  that  end  have  been  made,  but  hitherto  without 
marked  success.  The  "  Veadon  **  system,  introduced  a  few  years 
ago,  may  be  considered  as  a  step  towards  a  solution  of  the 
problem.  This  has  some  good  points  in  its  favour,  but  it  has  yet 
to  be  perfected.  It  certainly  is  an  ingenious  attempt  to  compass 
that  which  earlier  inventors  failed  to  accomplish. 

Machinery  and  appliances  for  the  conveyance  of  coal  and  coke, 
and  the  lime  and  oxide  used  in  purification,  from  one  point  to 
another,  are  being  widely  and  successfully  applied,  and  are  fast 
becoming  an  important  labour-saving  agency. 

The  process  of  washing  the  gas  has  been  advocated  and  con- 
demned by  various  authorities  at  different  periods.  Washing  was 
common  enough  in  the  early  days,  but  by  reason  of  a  supposed 
deteriorating  efTcct  on  the  illuminating  power,  it  was  discredited 
for  a  lime,  and  scrubbing  by  an  intercepting  material^  presenting 
a  large  area  of  wetted  surface  to  the  gas,  was  preferred. 

The  view  has  eventually  prevailed  that  washing  as  well  as 
scrubbing  is  indispensable,  and  the  result  is  that  various  apparatus 
to  accomplish  this  object  have  been  introduced  with  excellent  effect. 

It  is  now  universally  admitted  that  washing  and  scrubbing, 
both  with  ammoniacal  liquor  and  clean  water,  are  absolutely 
necessary'  in  order  to  remove  the  lighter  tars  and  arrest  the 
ammonia  impurity,  as  well  as  to  eliminate  a  proportion  of  the 
sulphuretted  hydrogen  and  carbonic  acid  from  the  crude  gas  before 
it  reaches  the  purifiers  proper.  It  may  be  safely  asserted  that  the 
gas  of  to-day,  as  supplied  to  consumers,  is  absolutely  free  from 
the  objectionable  ammonia,  with  the  further  advantage  that  this 
is  secured  for  sale  at  the  gas-works. 

The  same  can  be  said  as  regards  sulphuretted  hydrogen  and 
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carbonic  acid.  In  all  well-managed  gas- works  these  impurities 
are  unknown  in  the  distributed  gas.  The  use  of  lime  secures  their 
removal  with  ease  and  certainty. 

Lime  was  the*only  medium  employed  for  arresting  sulphuretted 
hydrogen  in  the  earlier  days  of  gas-lighting,  till  Mr.  K.  C  Hills 
introduced  the  use  of  hydrated  peroxide  of  iron  for  that  purpose  ; 
and  although  this  has  no  affinity  for  carbonic  acid,  the  latter 
impurity  is  taken  out  by  passing  the  gas  through  lime,  either  in 
the  first  instance  or  in  the  last  stage  of  purification. 

The  advantage  of  using  the  oxide  of  iron  is  its  economy,  as  it 
can  be  revivified  by  exposure  to  the  air  after  it  has  become  foul, 
and  can  be  used  over  and  over  again,  till  its  bulk  has  been  about 
doubled  by  the  presence  of  free  sulphur.  It  also  secures  another 
important  desideratum — the  reducing  of  the  mountains  of  foul  or 
spent  lime  that  would  otherwise  accumulate  in  the  gas  yard,  and 
for  which,  in  some  districts,  there  is  no  great  demand  on  the  part 
of  agriculturists.  True,  a  process  of  sp)ent  lime  revivification  has 
been  invented  by  Mr.  George  Hislop  ;  but  although  this  is  effi- 
cacious in  action,  it  has  not  been  widely  adopted. 

With  the  advent  of  Mr.  (now  Sir)  George  Livesey  as  Engineer- 
in-Chief  of  the  South  Metropolitan  Gas  Company,  a  new  era  in 
gasholder  construction  may  be  said  to  have  begun.  It  is  inter- 
esting to  note  the  progress  made  in  his  several  remarkable 
structures.  The  first  of  his  notable  holders,  erected  at  the 
Old  Kent  Road  Station,  consists  of  two  lifts.  It  is  t8o  ft.  in 
diameter,  and  the  two  lifts  rise  to  a  height  of  90  ft.  when  fully 
inflated,  the  capacity  being  2  million  cub.  ft.  His  next  holder 
at  the  same  station  has  a  diameter  of  214  ft.,  is  in  three  lifts, 
and  stands  when  full  at  a  height  of  160  ft.,  having  a  capacity  of 
5J  million  cub.  ft.  The  third  one,  erected  at  East  Greenwich,  is 
in  four  lifts,  250  ft.  in  diameter^  and  rises  to  a  height  o(  tSo  ft., 
its  capacity  being  8^  million  cub.  ft.  The  latest  and  largest 
gasholder  in  the  world  is  also  erected  at  East  Greenwich.  This 
is  a  veritable  monster  in  size,  being  300  ft.  in  diameter,  having 
no  fewer  than  six  lifts,  and  rising  when  inflated  to  a  height  of 
180  ft.  ;  its  capacity  being  12  million  cub.  k. 

But  it  is  not  their  size  only  which  makes  these  enormous 
vessels  remarkable  ;  their  structural  features  are  equally  note- 
worthy.    Instead  of  the  usual  guide  framing,  consisting  of  columns 
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or  standards  of  large  bulk  and  weig'ht,  Sir  George  Livesey  in  his 

later  structures  introduced  a  guide  framing  consisting  of  com- 
paratively light  members,  the  standards  being  braced  together  by 
diagonals  and  horizontal  struts.  ^^ 

Although  the  two  holders  last  referred  to  are  of  four  and  six 
lifts  respectively,  the  guide  farming  is  not  carried  up  to  the  full 
height  reached  by  the  inflated  vessels.  In  the  first,  the  inner  or 
top  lift  rises  beyond  the  framing  ;  and  in  the  second,  the  two 
innermost  lifts  ascend  above  the  summit  of  the  framing,  their 
stability  under  wind  pressure  being  sufficiently  assured  on  cupping 
by  the  limited  guide  framing  applied. 

Whether  the  last-mentioned  vessel  at  East  Greenwich  will  ever 
suffer  eclipse  by  a  larger  one  remains  to  be  seen  ;  but  certainly  it 
is  safe  to  assert  that  it  never  entered  into  the  dreams  of  the  most 
advanced  gas  engineers  of  the  first  half  of  the  century  that  holders 
of  anything  like  the  enormous  proportions  named  would  be  called 
into  existence. 

There  is  neither  the  scope  nor  the  necessity  in  the  provinces 
for  holders  of  the  size  of  the  last  named,  but  Mr.  Charles  Hunt, 
some  years  ago,  before  his  retirement  from  the  Windsor  Street 
Station  of  the  Birmingham  Corporation  Gas-Works,  erected  two 
with  a  capacity  of  6J  million  cub.  ft.  each.  These  are  in  three 
lifts,  rising  to  a  total  height  of  150  ft.,  the  diameter  of  the  outer 
lift  being  236  ft.  in  each  instance. 

A  remarkable  innovation  in  gasholder  guiding,  by  which  the 
upper  framing  is  dispensed  with  altogether,  is  due  to  the  inventive 
genius  of  Mr.  William  Gadd,  of  Manchester.  Mr.  Gadd  solved 
the  problem  in  a  variety  of  ways.  First,  by  means  of  torsional 
and  tensional  gearing  fixed  round  the  tank,  and  attached  to  the 
holder  or  floating  vessel  at  its  base  ;  but  more  especially  by  the 
introduction  of  spiral  guide  rails  fixed  to  the  sides  of  the  tank  or 
attached  to  the  sides  of  the  holder  in  a  diagonal  direction-  The 
simplicity  of  this  latter  device  is  so  self-evident  that  it  is  matter 
for  surprise  it  had  never  been  previously  applied  or  thought  of, 
The  first  holder  of  this  class  was  erected  at  Xorlhwich,  in  Cheshire, 
by  Clayton,  Sun,  &  Co.,  Ld.,  of  Leeds,  having  been  designed  from 
the  inventor's  patent  specification  by  the  present  writer. 

As  frequently  happens  in  other  cases,  there  were  other  minds 
simultaneously  engaged  in  the  solution  of  the  problem  of  guiding 
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holders  without  upper  framing".  Mr.  E.  L.  Pease,  of  Stockton- 
on-Tees,  invented  a  system  of  guiding  by  means  of  wire  rope 
gearing,  which  has  been  largely  adopted  ;  and  Mr.  J.  W.  Terrace, 
of  Brechin,  also  devised  a  means  of  guiding  by  shafting,  screws, 
and  wheels.  Mr,  Gadd's,  however,  was  the  patent  first  in  the 
field. 

In  the  distribution  department  the  improvements  have  been  in 
the  direction  of  efTiciency  rather  than  novelty.  An  exception  to 
this  statement  must  be  made  in  regard  to  the  jointing  of  main 
pipes.  The  open  joint,  tilled  either  with  lead  or  some  kind  of 
cement  caulking,  was  general  down  to  the  introduction  of  the 
turned  and  bored  joint  by  Mr.  Alfred  King,  of  Liverpool,  about 
the  year  1826.  This  latter  was  without  question  a  step  in  advance, 
and  although  there  are  engineers  who  still  prefer  the  open  joint, 
the  preference  arises  more  from  prejudice  than  experience  and 
knowledge.  The  turned  and  bored  joint,  with  a  recess  in  front 
for  filling  with  cement  or  lead,  is  the  most  perfect  joint  possible 
for  mains. 

There  can  be  no  doubt,  also,  that  much  of  the  success  of  the 
coal  gas  industry  is  due  to  the  adoption  of  enlarged  mains  and 
service  pipes,  as  compared  with  the  restricted  sizes  in  use  from 
twenty-five  to  thirty  years  ago,  admitting,  as  they  do,  of  a 
reduction  in  the  pressure,  with  a  consequent  reduction  of  loss  by 
leakage,  and  an  increased  illuminating  value. 

In  street  lighting  a  marked  advance  has  been  witnessed.  Per- 
haps this  is  due  to  some  extent  to  the  threatened  competition  of 
the  electric  light.  V'ears  ago  Mr.  William  Sugg  introduced  his 
large  argands  for  street  lighting.  These  undoubtedly  gave  a 
magnificent  light,  but  the  difficulties  attending  the  regulation  of 
the  flame  at  varying  pressures  proved  an  impassable  obstacle  to 
their  success,  and  they  were  finally  abandoned. 

These  were  succeeded  by  the  triform  arrangement  of  large 
flat-flames,  introduced  almost  simultaneously  by  Mr.  Sugg  and 
Mr.  George  Bray.  For  the  illumination  of  streets,  squares,  and 
other  wide  open  spaces,  they  are  admirably  adapted. 

The  Welsbach  system  of  incandescent  gas  lamps,  introduced 
in  the  year  1887,  has  created  a  veritable  revolution  both  in  street 
and  domestic  lighting.  The  success  of  the  invention  has  been  as 
great  as  it  is  deserved  ;  not  only  is  gas  economized   by  its  use, 
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but  the  tlluminating  value  of  the  lig'ht  is  increased  to  the  extent 

of  300  to  400  per  cent. 

The  use  of  gas  for  cooking  and  heating*  for  the  production  of 
motive  power,  and  for  workshop  purposes,  has  made  vast  strides 
of  recent  years.  Fires,  stoves,  and  ranges  of  all  sizes  and  of 
excellent  desig"n,  are  produced  by  a  number  of  first-class  makers. 
The  Otto  g-as  engine,  as  made  by  Crossley  Brothers,  has  settled 
beyond  question  the  economy  and  value  of  gas  for  motive  power. 
Other  makers  of  similar  engines  of  great  excellence  are  numerous. 
Jn  the  application  of  gas  to  Industrial  uses  generally,  the  ingenuity 
of  Mr.  Thomas  Fletcher  found  an  outlet.  In  all  these  directions 
the  field  may  be  pronounced  limitless. 

The  invention  and  introduction  of  the  prepayment  meter  has 
encouraged  the  use  of  gas  by  the  poorer  class  of  consumers,  and 
here  also  it  is  difficult  to  conceive  of  a  limit  to  gas  enterprise. 

In  no  department  of  the  gas  industry  has  there  been  so  remark- 
able a  development  as  in  that  of  dealing  with  the  residual  products. 
There  is  absolutely  no  waste  in  a  well -managed  gas-works. 
Everything  is  utilized,  even  to  the  dross  yielded  by  the  furnaces. 
This  much  can  hardly  be  asserted  of  any  other  industry  in  exist- 
ence, and  this  fact  should  be  borne  in  mind  by  those  who  are 
sometimes  inclined  to  decry  the  administrators  of  gas  under- 
takings. 

The  tangible  result  of  it  all  is,  that  gas  property  has  attained 
to  a  reputation  for  value  and  stability  scarcely  exceeded  by  any 
other  means  of  investment  outside  the  Funds,  and,  competition 
notwithstanding,  there  is  ground  for  confidence  that  it  will  con- 
tinue to  maintain  its  deserved  popularity. 


COAL. 

The  geological  position  of  coal  in  the  earth*2i  crust  is  shown  in 
the  annexed  tabular  view  of  the  trias,  permian,  and  carboniferous 
series  in  England  and  Wales,  by  Professor  Hull : — 

Tk  uo  r    ^^^^  marl. 
I      ■  "        \  LowiT  KcTupor  sandstone. 
I  tapper  motrled  sandslonv. 
I  Buntcr     '.  ConjiluiiM_'r;ilt-  bi'ds. 
I.  \  Lower  tiiutllccJ  sandstone. 


New  red  sandstone  or  trias 


M 


Upper  red  sandstone  of  St  Bees,  Sec, 

L'pper  and  lower  mAgiietiian  limestones  and  marls  ol'  the 

Northern  counties. 
Lower  red  sAndstonr  of  T-ancashire,  Cumlwrland,  and  Vnrk- 

shirc,  &c.  (on  ihc  same  horizon  with) 
Red  sandsloMfs,   inarU  con^loiniTates,  and  breccia,   of  Ihc 

central  counties  and  &ilop. 

t  l'pper   coal-measurt's,    wi(h    linieMonc   and 
I      thin  cual  seams, 
carboniferous 'l  Middle    coal*  measures,    with     thick     coaI 
\      seam  A. 
Lower  coal-measures,  or  Gannisler  series* 
with  thin  coal  seams  and  lower  carboni- 
ferous  fossils. 
Millstone  j^rit,  with  thin  coal  seams. 
Upper  limestone  nhale,  or  Vorcdale  rocks. 
Carboniferous  linirstone  with  shales,  sand- 
stones, and  LuaJ  in  the  Northern  counties 
and  Scotland, 
l-uwcr  limestone  sluile. 
t.^ld  red  sandstone  and  Devonian  rocks. 


The  area  of  the  coal-measures  in  the  LTniled   Kingdom  is  ;ts 
illows : — 


Area  of  CualMeosures. 


3,864,960 
1,100,000 

I34.400\ 

608.000/ 
i,g8[,6oo 


7,588,960 


Entire  Am  of  Country. 


Ji.770,615 

18,944,000 

4,752.000 

20,399.608 

i,ii9.t59 


76,985.38a 


Squftfe 
>?ilcs. 


49.643 

39,600 

7.425 

3L874 
1,748 


120,390 


Proportion 
of  Coal  to 
the  whole. 


I  Kth 
i-lglh 


Exclusive  of  wood-coal  and  lignite  formations,  and  some  small  undefined  areas. 

The  chief  kinds  of  coal  in  the  United  Kingdom  are — 

Cannel  or  Parrot  Coa/.— This  is    the   richest   gas-producing 

lI,  and  is  easily  distinguished  by  its  hard,  smooth  texture.     The 

;st  varieties  are  found  in  diflferent  parts  of  Scotland*  in  Wales. 

and  at  VVigan  and  Newcastle  or  their  neighbourhood.     The  latter 

Jtwo  yield  coke  of  fair  quality  ;  that  from  the  other  is  less  valuable, 

id  much  of  it  is  useless  as  fuel. 


12 


NEWBIGGING'S   HANDBOOK    FOR 


Bituminous  Coai» — For  g^as-producing:  purposes  the  coal  ntoflt 

suitable  is  the  bituminous  class,  which  includes  caking,  splint, 
cherry,  and  other  coals,  not  necessarily  containing  bitumen,  but 
because  of  their  resemblance  to  that  substance  under  heat.  It  is 
foimd  widely  distributed  throug-hout  the  kingdom,  in  Yorkshire, 
Lancashire,  Cumberland,  Northumberland,  Durham,  Derbyshire, 
Staffordshire,  Gloucestershire,  Somersetshire,  portions  of  Scotland 
and  Wales.     It  yields  coke  generally  of  excellent  quality. 

Anttirscite  orQlance  Coai, — This  is  chielly  Welsh,  containing" 
a  iar^e  proportion  of  fixed  carbon  (over  90  per  cent.)  and  but 
little  volatile  matter.  It  glowi^  rather  tluin  flames  in  burning, 
and  is  almost  smokeless.  It  is  excellent  for  steam-raising  purposes 
and  domestic  use  where  a  g-ood  draught  is  available,  but  is  quite 
vtseless  for  Ihe  production  of  illuminating  gas. 

Lignite  or  Brown  Coai, — This  is  found  at  Bovey  Tracey,  in 
Devonshire,  in  a  small  field  near  Lancaster,  and  near  to  Loug'h 
Neagh,  in  Ireland.  It  yields  but  little  gas,  and  that  of  a  low 
illuminating  power  and  very  unpleasant  odour.  In  distillation  it 
gives  off  a  large  quantity  of  water  charged  with  acetic  acid,  and 
the  residual  coke  is  valueless  as  fuel.  It  is,  therefore,  of  no  great 
interest  to  the  gas  maker. 

The  tables  annexed  show  the  specific  gravity  of  coals,  the  chief 
substances  of  which  they  are  composed,  and  their  yield  of  coke 
per  cent.  ; — 


NEWCASTLE  COALS 


NAme  uf  Coftl. 


\Villiii(jton  . 
Tanfield 

Bowden  Gosc     . 
Haswdl  Wallscnd 
Newcastle  ilarilcy 
lied  ley's  Hartley 
Bates's  We^i  Hartley 
Wf'st  Hartley  Main 
Oiigiiw!  H.irtUiy 
Average    of    18    samples 
different  nunes 


from 


l# 

8 

i 

M 

3 

1 

66-81 

496 

1-^^ 

8558 

5  3«  1 

1 

84-92 

4-53  ! 

i-j8 

a.V47 

6-68  1 

i-ag 

81-81 

550  , 

1-31 

8o36 

S-38 

125 

8o*6i 

.V36. 

I  36 

Bi-85 

V29 

'■as  , 

S1-18 

s-s* 

i-as 

8U*I2 

5'3i 
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LANCASHIRE    COALS. 


Name  of  Coal. 


HanCompany'sArley    1*37 

[urdock,  Rushev  Park  . 
lackbrook,  Litilc  Dv\{  . 
"Wigan  four  feci 
Cannfl 

I  Caldwell      and     Tlionip- 
soDS  Higher  DeW 
Average   of  28    samples 
I   from  dtfCercnl  mines   . 


«'3» 

t26 


1-23 

127 

ra7 


8a'6i 

77*65 
8070 
78-86 
79'a3 

75  40 


77  90     S'3a 


5*86 

176 

S'53 

0-50 

5-55 

1-48 

5*9 

0-86 

6-oB 

1  18 

483  , 

<*4» 

1-30 


1 

i 

a 

>% 

I 

^ 

0-80 

7'44 

«73 

10 '91 

I-07 

489 

119 

9-57 

<*43 

7-3^ 

a'43 

19-98 

»"44 

9 '53 

Ash.    '!  Coke. 


5'9S 
4-86 


0                     DERBYSHIRE 

COALS  (Fiddes). 

£arl  Fitxwilliam's  Elsecar 
Kflolrlnnd      and      Co.^ 

BBuiterlev  Co.  s  Langley  . 
BSuveley  .... 
^r  Avenge  of  seven  samples 

1-396 
X3J7 
1-370 
i'a9a 

81-93 

8005 
77  97 
7985 

7968 

4-85 
4-84 

4*94 

1*7 

124 

0-80 
I  33 

I4« 

0-91 

.06 
114 

072 

858 

in 

10-96 
loaS 

a-46 

373 
465 

340 

2-6s 

61-60 
62*50 

5786 

593" 

Hcaleford 

^m  (Foresi  c 


GLOUCESTERSHIRE  COALS. 


eford       High 
(Foresi  of  Dean) 


Delf 


Trenchurd 
rKew  Bowson, 


Cinddford 


I 


Pvkftdd 
Han  ham 
Wannley 


1*919 

<3>3 
'•33' 
«'354 
<'3S4 
133a 
I  307 
"374 
I  277 
1-304 


78  8 10 
76503 
74-410 
74  464 
80*709 
76-860 
79"3»o 
82069 

75340 

82*410 


5' 393 

5-380 
4 '4  70 
5-293 

S425 
5430 
5  250 
5'6i3 
4630 
4870 


1750 
1-090 
0-700 
0511 

0735 
1-680 


3 -06a 

1*669 
3-370 
3*667 
I  371 
1-940 


I 'a6o  \  0850 
0940  1  457 
0*30 '  3-440 
o'770 !  0*870 


9-osS 

3020 

8659 

6-700 

8-840 

9-310  ' 

6*831 

»o  23s  , 

7  060 

4800 

9330 

4760 

9-100 

4*330 

6  39  J 

3-530 1 

11-480  1 

S-480 

5330 

5-850 1 

1, 

6397 

63 '60 

59*76 
6036 

6338 
58-24 

59*23 

6097 
58-86 

71 13 


SCOTCH   COALS. 


Boghead 

Wallsend  Elgio        . 

Grangcmculh  . 

EglintOD  .... 

i-ai8    63  930 
I'aoo     76-090 
1*290     7(/850 
1-350     80080 

8*858 
5220 
5  a8o 
6*500 

0-962 
1-410 
<*35o 
1-550 

0-320        4-703!  21-223 

»'530      5'05oI  io*7«» 
1-420      8'e,8o      3520 
1-380      8  0501    3440 

31  70 

58-45 
5660 

5494 
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WELSH  COALS  (Fiddes). 


Name  of  Conl. 

11 

1 

1 

1 

1 

Ash. 

Coke. 

■r^O 

90940 

4-a8o 

Z 

0 

Abcraman,  Met ihyr 

1300 

I '210 

x*i8o 

0*940 

«'450 

65*00 

Aberdart*  to..  Mcrthyr  . 

1310 

88'a8o 

4340 

i-66a 

0-910 

1-650 

3-360  ,,  85-83 

Anlhracilr  (Jones  &  Co.) 

»375 

91  440 

3460 

0'310 

0790 

2-580 

1-530  1  93-90 

Coleshill 

1-3901 

73'«40 

5  MO 

1-470 

3-340 

8-290 

8  930  i|  56  00 

Llantwit 

>*a73| 

77-410 

5*553 

0500 

3-365  \  12  063 

a  050  i|  6470 

... 

1-353 

77 '310 

5'*4' 

0-430 

3037  1  10-366 

4*335  j  5883 

Nanlgarw  [Jnntwit 

1-336 

79 'SO 

5*6  to 

0-700 

3450I    7330 
1-643    ia-875 

3780;  61-67 

Kbos  KUniwIi 

1383 

7^-995 

5*455 

0700 

a*33a    63  30 

..           ..... 

I  30» 

75  452 

5'497 

0-840 

2-312  1  13-023 

2*876 '163-03 

i.           ..     - 

1  303 

73  "4 10 

5*507 

0-350 

3-414    14-276 

4*043  ,  65*32 

Hollv  Buslv    . 

1369 

80-134 

5045 

0-518 

3-379 

8-533 

3503 

74'4a 

I.lnnhillcth     . 

1-368 

83117 

5*054 

0*595 

^sxr 

5794 

3903 

64-86 

1374 

87*640 

6085 

I'lao 

X'636 

a '309 

1-310 

70*39 

Aticr  KhonrUI;! 

1  330 

80-675 

5082 

0-910 

3*675 

3763 

6895 

70*81 

Pontypridd    . 

1-3" 

79*820 

5 '470 

o"7oo 

3*950 

3750 

6-310 

6580 

Wallsrnd       . 

1-317  i 

78370 

S-H80 

0770 

I  S60 

8-900 

4-8ao 

66-00 

Kncrglyn 

I3>a 

83*130 

5840 

0-980 

1*870 

V890 

8-550 

2300 

71*30 

Rock  V'awr    . 

1*390 

77*980 

4390 

0570 

0*960 

7-550 

63-50 

The  specific  gravity  both  of  cannel  and  bituminous  coals 
averages  about   1*270,  distilled  water  at  62*  Fahr.  being  I'ooo. 

The  proportion  of  ash  in  the  best  class  of  bituminous  coals 
averages  2*5,  and  in  the  residual  coke  3*75  per  cent.  In  cannel, 
the  proportion  of  ash  is  much  greater. 

.  The  colour  of  the  ash  varies,  according  to  the  nature  of  its 
constituents,  from  while,  through  all  the  gradations  of  grey,  cream, 
fawn,  yellow,  pink»  red,  to  deep  red  and  brown. 

The  following  is  an  analysis  of  the  ash  of  a  good  Newcastle 
coal  : — 

Silica 59*56  per  cent. 

Alumina 


Peroxide  of  iron 
Lime 
Magnesia 
Potash 


12-19 

15*96 

9*99 

lOO'OO 


The  proportion  of  sulphur  in  fourteen  samples  of  cannel 
averaged  1-21,  and  in  forty-two  samples  of  bituminous  coal  1*312 
per  cent. 
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In  the  same  samples  the  volatile  matter  and   coke  were  aK 

follows  : — 

Volatile  Nfttlter.  Residual  Coke. 

Cannel  44*71  per  cent.  55*29  per  cent. 

Bituminous  coal         34'7-2         n  •       65*28         ,, 

Everyday  experience  shows  that  variations  occur  in  the  quality 
of  the  coal  obtained  from  the  same  seam  and  in  the  same  locality. 
The  identical  seam  of  coal  also  varies  in  quality  in  different  districts. 

Coal  got  from  those  parts  of  the  bed  where  the  seam  Is  thickest 
is  more  likely  to  possess  uniformity  of  structure  than  that  got 
near  to  the  circumference  of  the  basin. 

Mr.  E.  W.  Binney*s  observations  led  him  lo  the  conclusion  that 
seams  of  coal  are  materially  affected  by  the  nature  of  the  sup>er- 
imposed  strata.  If  this  is  of  an  open  character,  such  as  sandstone, 
the  gaseous  matter  can  readily  escape.  On  the  other  hand,  if  the 
roof  is  of  almost  air-tight  black  shale  or  blue  blind,  the  gas  is 
retained. 

Further,  it  is  not  unreasonable  to  infer  that  the  vegetable  matter 
of  which  coal  is  composed  would  be  deposited  irregularly.  For 
example,  during  the  ages  of  primeval  vegetable  growth,  a  larger 
proportion  of  leaves  would  be  deposited  in  some  places  than  in 
others  where  the  deposits  of  bark  and  cellular  tissue  would  be 
in  excess.  These  conditions  would  naturally  tend  to  produce 
variations  in  quality. 

In  seams  of  cannel  there  is  more  uniformity  of  quality  than  in 

those  of  ordinary  coal,  due  to  the  circumstance,  as  is  supposed,  of 

iheir  having  been  formed  from  vegetable  matter  long  macerated  in 

'water,  thus  insuring  a  more  intimate  admixture  of  the  vegetable 

substances. 

It  is  well  known  that  variations  in  the  gas-producing  qualities  of 
coal  are  caused  by  the  material  having  been  stacked  for  a  length 
of  time  on  the  pit  bank. 

It  is  important  that  the  coal  which  is  to  undergo  distillation 
should  be  clean  and  dry. 

When  coal  in  a  wet  or  moist  condition  is  placed  in  the  retorls» 
the  results  are  unsatisfactory  in  several  respects. 

In  the  first  place,  the  temperature  of  the  retorts  is  reduced, 
and,  as  a  consequence,  extra  fuel  is  consumed  in  restoring  the 
temperature  and   in  drying  the  coal  by  evaporating  the  moisture 
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and  driving  it  off  as  steam  before  the  coal  is  in  a  fit  condition  to 
undergo  destructive  distillation. 

Again,  :i  portion  of  the  moisture  or  steam  is  decomposed  in 
contact  with  the  sulphide  of  iron  produced  by  decomposition  from 
the  bisulphide  of  iron  or  iron  pyrites  contained  in  the  coal.  The 
oxygen  combines  with  the  iron,  forming  the  oxide  of  that  metal, 
and  the  hydrogen  with  the  sulphur,  producing  sulphuretted 
hydrogen.  Bisulphide  of  carbon  and  other  sulphur  compounds 
are  also  formed  in  considerable  volume. 

In  this  way  the  whole  of  the  sulphur  present  in  the  coal  is 
caused  to  pass  off  into  the  gas,  and  has  to  be  subsequently 
removed  in  the  process  of  purification,  thus  increasing  the  cost 
of  manufacture. 

On  the  other  hand,  when  the  coal  is  distilled  in  a  dry  condition, 
rather  more  than  one-half  of  the  sulphur  present  is  left  behind  in 
the  residuary  coke. 

Sulphur  exists  in  cannel  in  the  free  state,  and  in  bituminous 
coals  chiefly  in  combination  with  iron,  as  pyrites  or  bisulphide  of 
iron,  FeS^„  and  this  in  the  retort  is  converted  Into  sulphide  or 
protosulphuret  of  iron,  FeS. 

The  Storage  of  Coai. — In  gas  making  it  is  economical  to  use 
the  coal  as  fresh  as  possible  from  the  pit ;  but,  to  be  prepared  for 
emergencies,  the  covered  storage  room  for  coal  and  cannel  should 
be  of  capacity  suflficient  to  contain  from  six  to  eight  weeks'  stock 
of  the  material,  reckoned  on  the  basis  of  the  heaviest  day's  con- 
sumption in  winter. 

An  exception  to  this  rule  may  be  made  in  the  case  of  gas-works 
situated  in  the  immediate  vicinity  of  the  coal  fields  from  which  the 
supply  is  derived.  Under  such  circumstances,  provision  for  two  or 
three  weeks'  stock  is  ample. 

In  storing  coal  43  cubic  feet  of  space  per  ton  is  required. 

All  kinds  of  coal  suffer  deterioration  by  exposure  to  the 
weather,  both  as  regards  their  heating,  coking,  and  gas-yielding 
qualities. 

When  coal  is  so  exposed,  being  stored  in  the  open  air  without 
any  protecting  covering,  it  is  not  only  liable  to  be  wetted  by  rain 
on  its  outer  surface^  but  it  also  absorbs  and  retains  moisture  within 
its  structural  interstices. 

The  effect  of  this  excess  of  moisture  is  to  cause  disintegration, 
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;ducing  the  size  of  the  lumps,  and  converting*  them  to  a  consider- 
able extent  into  dust  and  coom. 

The  exposure  of  the  coal  in  the  winter  season  in  this  climate 
is,  of  course,  the  most  objectionable  as  regards  disintegration.  In 
hot  climates  the  intense  heat  of  the  sun  produces  the  disinte- 
gration. 

The  ill  effects  of  this  absorption  of  moisture  do  not  end  there. 
Oxidation  of  the  particles  of  the  coal  also  ensues  ;  and  as  this  is 
only  another  name  for  eremacausis  or  slow  burning",  the  material 
is  not  only  reduced  in  weight,  but  its  gas-producing  power,  both 
as  to  quantity  and  quality,  and  its  coking  qualities,  are  greatly 

I  impaired. 
[  An  absolute  loss  of  weight,  due  to  the  evaporation  or  slow 
combustion  of  the  more  volatile  constituents,  is  also  experienced. 
This  is  particularly  the  case  with  bituminous  or  caking  coal  ; 
cannel  suffers  next  in  degree,  and  anthracite  the  least.  Varren- 
trapp  found  in  one  instance  that  coal  which  had  been  exposed  for 
some  years  to  the  weather  had  diminished  in  weight  to  the  extent 
of  38*03  per  cent. 

Wet  or  damp  coal  not  only  yields  less  gas,  but  gas  of  an  inferior 
quality.  The  sulphur  impurities  given  oft  from  it  are  more,  thus 
augmenting  the  cost  of  purification  ;  whilst  some  of  the  sulphur 
compounds — notably  bisulphide  of  carbon — are  not  removable 
except  by  a  greatly  increased  area  of  purification  beyond  what  is 
to  be  found  in  most  gas-works. 

Spontaneous  Ignition  of  CoaL — Coal  containing  a  large  pro- 
portion of  iron  pyrites  (bisulphide  of  iron),  commonly  called 
'*  brasses,*'  when  stored  in  a  compact  mass  in  a  wet  or  humid 
state  is  liable  to  spontaneous  ignition.  This  is  not  an  unusual 
occurrence  in  the  experience  of  the  gas  manager.  The  indications 
that  combustion  has  begun  are  a  sensible  rise  in  the  temperature 
of  the  coal  store,  a  sickly  odour,  and  a  choking  or  smothering 
sensation  in  drawing  breath. 

There  is  this  liability  to  spontaneous  ignition  in  almost  all  bitu- 
minous coals  of  a  friable  nature.  It  Is  due  to  more  than  a  single 
cause.  It  may  arise  from  the  condensation  of  oxygen  within  the 
pores  of  the  carbonaceous  particles,  just  as  oily  cotton  waste  will 
fire  spontaneously  in  the  same  way  by  the  rapid  absorption  of 
oxygen.      According  to  Professor  Abel  and  Dr.   Percy,  wattt    ot 
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moisture  does  not  accelerate^  but  rather  retards,  spontaneous 
ignition  under  these  circumstances. 

The  danger  of  firing  is  greatest  with  those  coals  which  contain 
a  large  proportion  of  iron  pyrites  in  the  shape  of  nodules,  or 
'•  brasses,"  as  they  are  called,  and  which  are  stored  in  a  deep  mass 
in  the  wet  condition.  These  "brasses"  become  oxidized  by  the 
atmospheric  oxygen  dissolved  in  the  water  with  which  the  coal  is 
saturated  ;  antl  the  heat  thus  generated  raises  the  temperature  of 
the  coal  to  ignition  point. 

Notwithstanding  a  conflict  of  opinion  on  the  subject,  we  believe 
that  the  best  remedy  for  this  is  ventilation. 

Various  expedients  are  resorted  to  for  effecting  this  object, 
amongst  which  may  be  mentioned  the  insertion  in  the  massofcual 
of  perforated  iron  pipes  with  the  ends  exposed  ;  coarse  wickerwork 
baskets,  without  bottoms,  are  used  with  good  results  ;  and  ven- 
tilating shafts  of  brick,  or  venetianed  shafts  of  wood,  both  hori- 
zontal and  vertical,  have  proved  efficient.  Unless  the  ventilation 
is  thorough,  how'ever,  the  admission  of  air  will  do  more  harm  than 
good,  as  a  sluggish  current  will  not  reduce  the  temperature,  but 
rather  tend  to  develop  and  increase  it. 

A  thermometer  let  down  through  the  pipes  or  shafts  will  indi- 
cate any  rise  of  temperature,  and  iron  rods  thrust  into  the  mass  of 
coal,  when  withdrawn  and  touched  by  the  hand  will  answer  the 
like  purpose. 

When  the  pyrites  is  present  to  a  serious  extent,  the  coal 
should  be  hand-picked,  either  at  the  colliery  or  when  discharging 
at  the  gas-works.  It  is  only  sheer  necessity,  however^  that  will 
justify  the  employment  of  coal  of  this  character  for  gas-making 
purposes. 

The  Oases  Occluded  in  Coal. — Besides  the  liability  to  spon- 
taneous combustion  or  ignition,  there  is  another  strong  reason  why 
coal  should  not  be  stored  in  the  open  air,  nor,  indeed,  undercover, 
for  a  longer  time  than  is  absolutely  necessary. 

In  all  bituminous  coals  a  constant  chemical  change  is  in  pro- 
gress, by  which  gas  is  being  liberated.  This  gas,  though  frequently 
several  times  the  volume  of  the  coal,  is  condensed  within  the  solid 
substance,  being  occluded  or  enclosed  therein,  until  by  diffusion  it 
escapes  into  the  air,  and  to  such  extent  the  coal  is  depreciated  for 
gas  making. 
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In  warm  weather  and  in  hot  climates  this  deterioration  proceeds 
more  rapidly  than  in  low  temperatures. 

Dr.  Lyon   Playfair  and  others  in  this  country,  and  Dr.  E.  von 
eyer  in  Germany,  have  investigated  the  subject,  and  the  sub- 
oined  table  by  the  latter  shows  the  quantity  and  composition  of 
the  gas  so  occUided,  obtained  from  freshly  raised  samples  of  coal 
submitted  to  him  for  analysis. 

The  plan  adopted  was  to  place  loo  g"r.immes  of  the  coal  in  hot 
aerated  water,  which  was  then  boiled  as  long  as  any  gas  con- 
inued  to  be  given  off.  and  the  gas  collected   was  analyzed  by 
unsen's  methods. 


Samples  of  Coal  Submitted. 


So.  I.  IjOw  Main  Seam,  Bewick  Collier)*,  Newcastle. 

.,  3.  Mftudlin  Seam  ,,  ,,         .         . 

..  3.  Main  Coal  Scam,  Urpelh  Colliery  ,. 

,,  4.  Kive-fourth  Seam  ,,  ,,         ■         • 

„  5.  ,,  Wingale  Cirangc  Cnllicry,  Durham 

,1  6.  Low  Main  Scam  .,  ,, 

t,  7.  Han*ey  '>eam  ,,  ,, 

,,  8.  ,1  Emily  Vil,  Wtxxlhou.se  Gose  Collier) 


ANALYSIS. 

f'ERCBNTAGE  COMPOSITIOM   OF  THE  GAS. 
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The  Testing  of  Coal  for  its  Producing  Qualities.  — It  is  almost 

impossible  to  judge  from  the  appearance  of  :t  coal  whether  its  gas 
and  coke  yielding  qualities  are  j^^ood,  bad,  or  iiidifTerent.  So  far 
as  outward  indications  go,  nothing  is  so  deceptive  to  the  inex- 
perienced in  such  matters  ;  and  even  to  those  who  hnve  had  large 
practice  in  coal-iesting,  it  is  very  difficult  to  forecast  with  any 
certainty  the  result  of  a  trial  of  any  particular  sample. 

The  most  favourable  signs  are  when  the  coal  exhibits  traces 
of  carbonate  of  lime  and  charcoal  deposits  on  the  surfaces  exposed 
by  fracture,  and  the  appearance  of  a  brownish  coloured  streak  on 
being  scored  with  a  hard,  blunt  point.  This  latter  is  an  invariable 
sign  of  richness. 

Some  of  the  poorest  coals  and  cannels  have  a  fatty,  unctuous 
appearance,  suggestive  of  richness  in  gaseous  properties  ;  again, 
the  most  valuable  cannels  and  shales,  yielding  gas  in  extraordinary 
abundance,  have  a  dull  earthy  cast,  which  might  readily  be  taken 
as  indicating  poverty  of  composition  and  yield.  The  rich  Boghead 
(Scotland),  Sydney  (New  South  Wales),  Cloverport  (Kentucky) 
cannels  or  shales,  and  the  New  Abram  cannci,  Wigan,  are  strik- 
ing examples  of  this  latter  kind.  On  the  other  hand,  this  does  not 
hold  good  of  the  Brazilian  shales  or  "  Turba."  These  have  a  dull, 
clayey  appearance,  and  are  very  indifferent  both  in  the  yield  and  in 
the  illuminating  power  of  their  gas.  The  importance  of  being  able 
to  test  samples  of  coal  or  canned  before  entering  into  a  contract 
for  the  material  in  bulk,  is  therefore  obvious. 

A  test  may  be  made  either  on  a  working  scale  or  in  the  experi- 
mental apparatus  in  the  gas  manager's  laboratory,  in  the  former 
case  several  tons  of  the  material  have  to  be  used,  and  the  trial  of  a 
single  sample  is  a  formidable  and  tedious  process,  extending  over 
many  days,  until  the  old  gas  in  the  apparatus  and  holder  has 
been  replaced  by  the  new.  It  is  obviously  impossible  to  test 
a  variety  of  samples  in  this  manner  within  a  reasonable  period. 
Besides,  such  a  method  of  testing  is  not  always  satisfactory.  The 
manager  has  to  take  a  good  deal  for  granted  ;  he  is  largely 
dependent  on  subordinates  for  the  attention  and  care  that  ought  to 
be  exercised,  because  his  constant  personal  supervision  throughout 
the  time  occupied  by  the  lest  is  out  of  the  question. 

The  experimental  test  is  to  be  preferred  for  many  reasons.  The 
small  apparatus  is  more  under  the  command  of  the  operator.    Full 
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justice  is  done  to  the  material.  The  best  results  it  is  possible  to 
obtain  are  secured.  Time  is  economized  tii  making  the  tests, 
because  a  number  of  samples  can  be  tried  in  thu  course  of,  say,  ten 
to  fourteen  days. 

It  may  be  urg^ed  against  the  experimental,  or  laboratory,  test, 
that,  in  practical  working,  equal  results  are  unattainable.  If  this 
be  the  fact,  it  only  proves  that  either  the  practical  working  is  at 
fault  to  the  extent  of  the  difference  in  result,  or  that  the  bulk  of 
the  material  is  not  equal  to  the  sample  tested. 

Assuming,  however,  that  the  sample  is  a  fair  average  of  the 
whole,  whatever  the  deficiencies  of  practical  working  may  be,  the 
coal  at  least  should  not  be  depreciated  betow  its  intrinsic  value 
through  defective  heats  and  other  faulty  methods  of  carboniza- 
tion ;  and  although  the  actual  everyday  working  of  the  material 
may  afterwards  fall  short  of  the  results  obtained  in  the  trial 
apparatus,  these  latter  are  a  standard  at  which  to  aim.  As  a 
general  rule,  the  difference  between  the  results  of  actual  use  and 
the  experimental  results,  with  efficient  plant  and  careful  super- 
vision, will  not  exceed  seven  to  ten  per  cent,  in  favour  of  the 
experimental  test. 

To  argue  that  the  quality  of  a  coal  should  be  judged  and 
determined  solely  by  the  results  yielded  in  actual  working,  is 
just  about  as  reasonable  as  to  say  that  the  illuminating  power 
of  gas  should  be  decided  by  the  methods  of  consumption 
through  possibly  defective  fittings,  and  some  of  the  burners 
largely  in  use  by  consumers.  Whether  coal  or  gas,  the 
means  best  calculated  to  develop  its  intrinsic  qualities  should 
be  adopted. 

Care  should  be  taken  to  obtain  a  fair  sample  of  the  coal  to  be 
operated  upon.  For  that  purpose  a  full  section  of  the  seam  should 
be  obtained.  It  should  then  be  broken  up  into  small  pieces  and 
thoroughly  intermixed,  and  from  this,  three  several  charges  should 
be  taken  without  selection. 

The  charge  employed  in  the  laboratory  trial  is  the  loooth  part 
of  a  ton — viz.,  2*24.  say  2\  lbs. 


The  following  are  the  details  of  the  testing  apparatus  ( Fig,  i ) : — 
Retokt. — Cast  iron  ;  Q -shaped  ;  5  in,  wide,  4A  in.  high  inside  ; 
2  ft.  3  in.  long  outside  ;  J  in.  metal. 


I  ft.  long",  fS  in.  wide,  6  in.  deep. 

I^iRiFiER.~i    ft.     2    in.     square, 
12  in.  deep,  with  two  trays  of  lime. 

Gasholuer. — Capacity,  12  cubic 
feet,  with  j^raduated  scale  attached. 
The  retort  should  be  got  up 
to,  and  maintained  throughout  the 
charge  at,  a  bright  red  heat.  If 
from  any  cause  the  temperature  is 
much  reduced,  the  test  will  not  be 
satisfactory.  This  is  especially  the 
case  in  testing  cannel  and  the  rich 
shales.  The  time  required  to  work 
off  the  charge  of  2^  lbs.  will  range 
from  about  twenty  to  forty  minutes, 
according  to  the  character  of  the  coal. 

The  illuminating  power  of  the  gas  given  out  from  each  charge 
should  be  ascertained  by  the  Standard  photometer,  no  other  being 
sufficienily    trusuvorihv    for   that    purpose.     The   average   of  the 
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three  tests  is  then  taken,  both  for  yield  of  gas  and  coke,  and  for 
the  illuminating:  power  of  the  gas,  and  this  fairly  represents  the 
capabilities  of  the  coal. 

The  further  conditions  to  be  observed  are  that  the  holder  be 
tirely  emptied  of  air,  or  of  the  previous  charge  of  gas,  and  that 
he  condenser  he  drained  of  its  contents.  The  test  charge  m.iy 
be  continued  until  the  whole  of  the  gas  is  expelled,  or  otherwise, 
depending  on  circumstances.  In  comparing  two  coals,  an  equal 
production  from  both  may  be  obtained,  and  the  comparative 
illuminating  power  then  ascertained. 

The  coke  and  breeze  should  be  carefully  drawn  from  the  retort 
into  a  water-tight  receptacle  made  of  sheet-iron,  closed  by  a  lid. 
This  is  then  placed  in  a  bucket  or  other  vessel  of  cold  water,  and, 
when  sufficiently  cooled,  is  takt-n  out  and  weighed. 

For  ascertaining  the  quantity  of  tar  and  ammuniacal  liquor  pro- 
duced, drain  the  yield  of  the  three  charges  from  the  condenser  and 
■A-asher,  and  measure  this  in  a  graduated  liquid  measure.  The 
number  of  fluid  minims  in  a  gallon  is  76,800. 


Thus 


60  fluid  minims  . 
8  drams 
20  ounces   . 
8  pints 


■  Tl 

H  Tl 

^H  Ui!k.  n».  per  tnn. 

^M  As  675  (the  weight  of     :     3240 
^B  I  he  three  chitrges 

^1  or  coal) 


Then 


The  numl)er  of 
minims  of  tar 
and  liquor  oT>- 
tained 


I  dram. 
I  ounce, 
I  pint. 
I  gallon, 


The  total  minims 
of  lar  and  liquor 
jHT  Ion  of  coal. 


And  this    -r    76,800  gives  the  gallons  of  tar  and    liquor   yielded 
per  ton. 

Specific  Qravlty  of  Coal.— To  determine  the  specific  gravity 
of  the  coal,  take  a  small  piece,  suspend  it  by  means  of  a  horsehair 
from  the  under  side  of  the  pan  of  a  carefully  adjusted  balance 
(Fig.  3),  and  weigh  it  both  in  and  out  of  water  (fresli  distilled)  ; 
divide  its  weight  in  the  air  dy  //w  /oss  of  weight  in  the  water,  and 
the  quotient  is  the  specific  gravity. 
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Example, 

A  piece  of  coal  wcig^hs,  say        .         .         480  grains. 
Loss  of  weight  when  weighed  in  water      398      ,, 

Then  -    «  =  1*206  specific  gravity  of  the  coal  compared 
39^  with  water  as  1  'ooo. 

Note, — Specific  gravity  is  the  relative  weight  of  equal  bulks  of 
different  substances,  distilled  water  at  62°  Fahr.  being  taken  as 
the  standard  of  comparison.  Al  this  temperature  a  cubic  foot  of 
water  weighs  1000  ounces  avoirdupois.  Hence^  the  specific  g^nivity 
of  (1  body  is  also  its  'xeight  in  ounces  avoirdupois  per  cubic  foot :  so 
that,  knowing  the  specific  gravity,  the  weight  of  any  quantity  of 
matter  may  be  calculated  by  simple  measurement.  For  example; 
In  the  instance  just  given,  the  specific  gravity  is  shown  to  be  i  "206  ; 
the  weight  of  the  coal  per  cubic  foot  is,  therefore,  1206  oz.,  or 
75*4  lbs.  avoirdupois. 

Coal  Distillation, — Coal  is  a  complex  organic  compound,  and, 
like  all  organic  substances^  the  action  of  heat  upon  it  is  to  resolve 
it  into  its  elementary  constituents,  thechief  being  carbon,  hydrogen, 
oxygen,  and  nitrogen. 

But  there  are  many  stages  to  be  passed  through  before  this 
final  result  is  attained. 

It  may  be  said  that  each  degree  of  temperature  in  the  distilla- 
tion of  coal  has  its  own  products  of  decomposition,  and  each 
degree  of  rise  in  temperature  produces  a  further  breaking-up  and 
rearrangement  of  the  compounds  which  previously  existed. 

From  this  it  will  be  gathered  that  the  products  from  coal 
distilled  at  a  low  temperature,  say.  800'  Fahr.,  will  consist  chiefly 
of  members  of  the  paraffin  series  along  with  olcfines.  The  lower 
members  of  these  series  are  liquid,  and  the  higher  ones  solid*  so 
that  coa!  distilled  at  a  low  temperature  will  yield  comparatively 
little  permanent  gas.  As  the  distillation  temperature  is  increased 
the  paraffin  and  hydrocarbons  are  destroyed,  and  benzenoid  hydro- 
carbons, free  carbon,  and  an  increased  production  of  permanent 
gas  formed. 

The  usual  temperature  attained  in  actual  practice  is  from 
1800'  to  2000°  Fahr.,  at  which  temperature  there  is  a  maximum 
yield  of  benzene,  toluene,  phenol,  &c..  in  the  tar,  with  a  maximum 
of  illuminating  power  in  the  gas. 
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Should  the  temperature  be  taken  beyond  this,  there  will  be  a 
larg-er  production  of  gas  al  the  expense  of  ils  light-giving  con- 
stituents. The  tar  also  thai  is  produced  at  a  very  high  tempera- 
ture contains  a  large  percentage  of  naplithalene,  phenantUrene, 
pyrene,  &c.,  at  the  expense  of  the  much  more  valuable  benzene,  &c. 

The  final  stage  of  distillation,  in  which  coal  is  split  up  into  its 
elementary  constituents,  cannot  be  reached  in  practice,  and  of 
course  is  not  desired,  at  any  rate  from  a  gas  maker's  point  of  view. 

As  has  been  said,  the  tar  produced  ;U  diJTerent  temperatures 
varies  greatly  both  in  composition  and  appeiirance,  but  the  study 
of  tar  comes  more  under  the  province  of  the  tar  distiller  than  of 
the  gas  manufacturer. 

Nuts  and  Slack  or  Dross,  whether  of  coal  or  cannel,  require 
very  high  temperature  for  carbonization.  When  the  heat  is  not 
high  they  cake  together  in  a  mass,  and  at  the  end  of  the  charge  are 
drawn  from  the  retort  in  a  comparatively  unspent  condition, 

A  table  by  Dr.  Henry  exhibits  the  qualities  of  gas  at  drlTerent 
periods  of  distillation — 
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From  Half»a»Ton  of  Common  WIgan  Oas  Coat. 
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The  rate  of  production  of  gas  from  2  cwt.  of  Wigan  coal  in  an 
experimental  retort  was  found  to  be  as  follows  : — 

275  cubic  feet. 

245 
200 
140 

80 

40 

20 

15 


i 

hour 

I 

f  1 

4 

hours 

2 

»» 

2j 

t 

3 

1 

3i 

» 

4 

» 

Total 


1015 


The  annexed  table,  by  Miller,  exhibits  the  quantity  and  specific 
gravity  of  the  gas  obtained  from  two  bushels  of  coal  during  each 
of  five  hours*  heating  in  an  ordinary  retort,  and  shows  the  import- 
ance of  restricting  the  time  during  which  the  coal  is  subjected  to 
the  action  of  heat  in  the  manufacture  of  gas.  The  rich  hydro- 
carbons diminished,  and  carbonic  oxide  and  hydrogen  increased 
in  quantity  as  the  experiment  progressed. 


Cubic  Feet. 

Specific 

fJravitv. 

the  ist  hour  . 

•        345 

■677    ' 

„      2nd    M      . 

.        203 

•419 

»»     3rd     ,,      . 

.         118 

•400 

,,     4th     ,,      . 

54 

•322 

.,      5th     „     . 

20 

!_.       1 

With  cannel  the  carbonization  takes  place  in  less  time  than 
with  ordinary  coal. 

For  roughly  estimating  the  weight  of  coal  or  cannel  required  to 
produce  a  given  quantity  of  gas — 

Rule. — Strike  oflf  the  last  four  figures  from  the  quantity  of  gas 
produced,  and  the  figures  remaining  will  represent  the  coal  or 
cannel  in  tons. 

Thus  :  20  I  0,000  cub.  ft.  of  gas  =  20  tons  coal. 

This  will  be  evident  when  it  is  remembered  that  a  ton  of  coal 
or  cannel  produces  about  io,ooo  cub.  ft.  of  gas.  Should  the 
production  rise  to  11,000,  or  fall  to  9000  per  ton,  one-tenth  must 
be  deducted  from,  or  added  to,  the  coal,  as  the  case  may  be 
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The  average  weight  of  coal  per  cubic  yard  is — 

Anthracite,  per  cubic  yard,  solid   . 
Bituminous        ,,  ^       «*        • 

Cannel  ,,  ««       ,, 

Coal,  stored  in  the  usual  \vay»  per  cubic 

yard 

Coke,  per  cubic  yard      .... 
Breeze         


|8  per  cent. 


lOO 


The  average  percentage  yield,  by  weight,  of  good  bituminous 
coal,  is  as  follows  :— 

kGas 
Coke  and  breexe 
Tar     . 
Ammoniacal  liquor 
In  order  iofind  the  value  of  gas  in  grains  of  sperm  per  cubic  fool 
from  Uie  given  illuminating  power — 

Rule. — Nfultiply  120  (the  grains  allowed  per  hour  for  the  con- 
sumption of  the  standard  sperm  candle}  by  the  illuminating  power, 
and  divide  by  5  (consumption  of  gas  in  cubic  feet  per  hour  by  the 
standard  burner)-  The  answer  will  be  the  value  of  the  gas  in 
grains  of  sperm  per  cubic  foot. 

IExA.\U'LE.^What  is  the  value  of  g:is  in  grains  of  sperm  per 
cubic  foot,  the  illuminating  power  of  which  is  19*46  candles  ? 
19*46  X  \20 


467  grains  of  sperm,  value, 


To  find  the  value  of  any  coal  per  ton  in  pounds  of  spenny  the  yield 
of  gas  and  illuminaling  po-wcr  being  known — 

Ri;le  I. — Multiply  the  cubic  feel  produced  per  ton  by  the  value 
of  the  gas  in  grains  of  sperm  per  cubic  foot,  (ascerialned  by  the 
previous  rule),  and  divide  by  7000  (the  number  of  grains  in  1  lb. 
avoirdupois).  The  answer  will  be  the  value  of  the  coal  in  lbs.  of 
sperm  per  ton. 

ExAMi'i.E.  -  What  is  the  value  of  a  certain  coal  in  lbs,  of  sperm 
per  ton,  whose  yield  of  gas  is  io,54r»  cub.  ft.,  and  illuminating 
wer  i9'63  standard  sperm  candles!-' 
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'^    ^  ^ =  47 1 '12,  value  of  the  gas  in  grains  of  sperm  per  cubic 

foot.    Then  i?^lM^1471_l^==  709*37  lbs.  of  sperm  per  ton,  value. 
7000 

Or  by 

Rule  2. — Divide  the  yield  per  ton  by  5  (cubic  feet  of  gas  con- 
sumed per  hour  by  standard  burner) ;  multiply  by  the  ascertained 
illuminating  power  and  by  120  (consumption  of  standard  sperm 
candle  per  hour  in  grains) ;  lastly,  divide  by  7000  (number  of 
grains  in  i  lb.  avoirdupois).  The  answer  will  be  the  value  of  the 
coal  in  lbs.  of  sperm  per  ton. 

Example. — What  is  the  value  of  a  certain  coal  in  lbs.  of  sperm 
per  ton,  whose  yield  of  gas  is  10,540  cub.  ft.,  and  illuminating 
power  i9"63  standard  sperm  candles?     Then 

— *^7^    =2I08x  IQ-6'l  X  120  ii_  r  ^1 

e  =*    •» =709*37  lbs.  of  sperm  per  ton,  value. 

To  ascertain  the  relative  value  of  different  coals  afid  cannels, 
attach  approximate  or  actual  market  prices  to  the  sperm  pounds 
as  ascertained  above,  and  to  the  several  residual  products,  cast  up 
the  various  items,  and  compare  them  by  the  ordinary  rule  of 
proportion. 

Example. — The  two  coals  to  be  compared  are — 

No.  I,  yielding — 


10,600  cub.  ft.  of  gas  per  ton,  17^  candles  value  =  636  lbs. 

sperm at  is. 

134  cwt.  coke at  5d. 

10  gals,  tar .at  \\d. 

22  gals,  ammoniacal  liquor     .         .         .         .         at  id. 


No.  2,  yielding— 

9700  cub.  ft.  of  gas  per  ton,  16^  candles  value  =  557  lbs. 

sperm at  is. 

14  cwt.  coke at  5d. 

9  gals,  tar      .  at  l^d. 

20  gals,  ammoniacal  liquur  .         .         .         at  id. 


£    s.     d. 
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Assuming  that  No.   i  is   12s.  6d.  per  ton,  the  relative  value  of 
No.  2  will  be  found  as  follows  : — 

As  jQz^  4s.  6d.  I  £2^  5s.  5]d.     12s.  6d.  :  los.  ii}d.  value  per  ton 

of  No.  2. 

Farmer's  rule  to  find  the  relation  between  quantity  of  gas  per 
ton  and  iltuminating*  power  may  be  quoted  here,  but  it  must  not 
be  assumed  as  absolutely  correct.  It  is  only  approximately  so, 
and  that  only  within  a  limited  range,  if  a  given  coal  yields  a 
known  volume  of  gas  of  a  known  illuminating  value,  to  ascertain 
how  much  gas  it  will  yield  of  another  value — 

Rule. — Multiply  yield  of  gas  by  the  illuminating  power,  divide 
by  the  required  power,  and  the  quotient  is  the  quantity. 
^P      Example. — A  coal  yields  9600  cub.  ft.  per  ton  of  16-candle 
^^gas  ;  how  much  will  it  yield  of  14  and  17  candle  gas  respectively? 
^^  c>5oo  x  16=  I53,6cx>.     Then 

B  LS3.^=  ,0^971  cub.  ft.  and  '13^  =  9035  cub.  ft. 

^^  The  above  presupposes  that  the  period  ol  distillation  is  ex- 
tended or  abridged,  as  the  case  may  be. 

^^^  GAS   PRODUCTION. 

H        C/ir6o/i/zar/o/l.— This,  the  first  process  in  gas  making,  is  also 
^Bthe  most  important.     Any  want  of  economy  here  (and  the  word 
^■••economy"    implies    efficient    apparatus,    proper   conditions    of 
working,    and    good    management    generally)    cannot    be    com- 
pensated   for   in   any   of  the    subsequent    processes  or  stages   to 
w'hich   the  gas  has  to  be  subjected,   or  through  which  it  has  to 
^■pass  before  it  reaches  the  consumer. 

^*  The  carbonization  or  destructive  distillation  of  coal  for  the 
production  of  gas  is  accomplished  in  hermetically  sealed  vessels 
known  as  retorts. 

In  the  earliest  days  of  gas  manufacture,  the  retorts,  which 
were  of  cast-iron,  were  placed  or  arranged  in  the  vertical,  the 
inclined,  and  the  horizontal  position. 

Retorts  placed  in  the  vertical  position  were  the  first  to  be  tried, 
'hese   proved  objectionable  by  reason  of  the  coal  consolidating 
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in  a  mass,  thus  preventing  the  free  exit  of  the  gas  and  making 
it  a  matter  of  difficulty  to  remove  the  resultant  coke.  Another 
objection  was  the  impossibility  of  carbonizing'  the  compara- 
tively large  bulk  of  coal  in  anything  approaching  a  uniform 
manner. 

Retorts  set  in  an  inclined  or  hori;contal  position  were  an 
important  advance  on  retorts  set  vertically,  and  were  so  con- 
sidered by  gas  engineers.  But  when  we  say  that  retorts  were  set 
in  an  inclined  position,  it  must  not  be  presumed  that  they  were 
set  on  the  scientific  principle  of  the  present-day  **  inclined 
retorts."     They  were  set  at  any  angle  between  the  vertical  and 


I-"ir.. 


horizontal,  though  generally  at  a  smaller  angle  than  that  lo 
which  inclined  retorts  are  now  set,  and  various  devices  were 
arranged  whereby  the  coal  was  assisted  mechiinically  through  the 
retort.  But  with  lack  of  proper  coal-handling  machinery,  and 
through  other  causes  equally  adverse  to  success^  retorts  set  at  an 
angle  were  discarded  in  favour  of  those  set  horizontally,  until  a 
comparatively  recent  date,  when  M.  Coze,  of  Kheims,  set  inclined 
retorts  on  the  principle  of  the  angle  of  repose  of  coal. 

An  indispe.nsable  condition  to  successful  carbonization  is  that 
the  coal  shall  lie  as  evenly  as  possible  along  the  bottom  of  the 
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retort,  and  that  there  shall  be  an  open  space  between  the  coal  and 
the  upper  surface  of  the  retort  for  the  exit  of  the  gas.  Any  want 
of  care  in  this  particular  will  result  in  loss  of  illuminating  power 
in  the  gas. 

Retort  House, — -The  retort  house  may  be  designed  for  a 
single  or  double  stack  of  retorts  on  either  the  horizontal  or 
Inclined  system,  and  may  be  of  the  ground  floor  or  stage  floor 
type  of  erection. 
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For  retorts  set  horizontally  the  ground  floor  house  (Figs.  3 
and  4)  is  the  most  usual  form.  In  this  the  charging  and  draw- 
ing of  the  retorts  is  conducted  on  the  ground  level. 

Now  that  generator  furnaces  for  heating  the  retorts  under  the 
generative  and  regenerative  systems  are  largely  used,  owing  to 
their  proved  efficiency,  provision  is  made  for  them  in  houses  of 
this  class  by  carrying  the  foundation  of  the  retort  stack  to  a 
depth  of  at  least  9  ft.  5  in.  below  the  ground  floor  line,  an  under- 
ground passage  about  7  ft.  or  8  ft.   wide  being  formed  on  each 


side  of  the  stack  if  it  is  a  double  one,  or  in  front  if  sing^le,  for 
access  to  the  furnaces  and  flues.     (See  Figs.  3  and  4.) 

The  stage  floor  house  proper  (Kigs.  5  and  6)  has  not  only  a 
ground  floor,  but  a  stage  floor  at  an  elevation  of  10  ft.  or  12  ft. 
above  the  other.  From  this  latter  the  retorts  are  charged  and 
drawn,  the  hot  coke  being  discharged  through  suitable  openings 
in  the  stage  floor  (see  l'"igs.  7,  8,  and  22),  when  it  is  slaked  and 
wheeled  or  otherwise  conveyed  away  into  the  coke  yard. 


Fig.  5. 

A  house  of  this  description  costs  more  than  a  ground  floor 
house  ;  but,  in  large  works  especially,  it  CEin  be  operated  with 
more  economy,  and  the  advantages  it  offers  for  the  removal  of  the 
coke,  the  application  of  the  generative  and  regenerative  systems, 
and  in  other  ways,  are  very  great. 

The  clear  space  in  front  of  a  stack  with  horizontal  retorts 
should  not  be  less  than  18  ft.  When  it  is  intended  to  employ 
machinery  for  charging  and  drawing  the  retorts,  22  ft.  is  required. 

For   convenience   in    hand    charging   and    drawing,    a    slight 
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inclination — say  6  in.  to  9  in.  in  the  whole  width — towards  the 
stack,  should  be  given  to  the  floor.  This  allows  the  waste  water 
to  drain  away,  and  is  also  handier  for  the  stokers  in  charging. 

The  height  of  the  walls  from  the  charging  stage  is  generally 
from  aS  ft.  to  32  ft.,  the  latter  dimension  being  necessary  where 
charging  and  drawing  machinery  is  to  be  used. 

A  house  designed  to  contain  retorts  on  the  inclined  system, 
whether  for  a  single  stack  or  for  a  double  stack,  either  face  to 
face,  as  in  Fig.  7,  or  back  to  back,  as  in  l-'ig.  8,  differs  materially 
from  a  house  containing  horiiEontal  retorts.  The  house  is 
necessarily  higher,  and  the  dimensions  in  front  and  behind  the 


^ 
^ 


stack   require   modifying  considerably  under  the  new  conditions 
of  working. 

As  to  whether,  in  the  case  of  a  double  stack  of  retorts,  they 
should  be  set  face  to  face  (Fig.  7)  or  back  to  back  (Fig.  8)  is  a 
matter  of  opinion  ;  some  engineers  preferring  one  method,  others 
the  other.  We  prefer  Fig.  7,  as  admitting  of  better  ventilation 
on  the  higher  operating  floor.  On  this  floor,  with  back  to  back 
retorts  the  heat  is  often  unbearable. 

The  following  may  be  taken  as  convenient  sizes  :  — 

House  for  a  sin^U'  stack  of  hortsontal  retorts, — Width  inside, 

ft.     Height  from  charging  floor  to  springing  of  roof,  20  ft. 
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ffottse  for  a  thubfe  sttick  of  ftorisonfai  retorts, — Width  inside, 
60  ft.  Height  from  charging  floor  to  springing"  of  roof,  28  ft. 
Height  from  basement  to  springing  of  roof,  38  ft. 

House  for  tivo  stacks  of  20  ft,  inclined  retorts^  set  face  to  face. — 
Width  inside,  99  ft.  or  100  ft.  above  the  set  off.  Height  from 
basement  floor  to  charging  floor,  22  ft,  6  in.  Height  from  charging 
floor  to  springing  of  roof,  ji  ft.  6  in.  Height  from  basement  floor 
to  drawing  floor,  10  ft.  Width  of  stack,  17  ft.  Width  of  charging 
stage,  18  ft.     Width  of  drawing  stage  between  stacks,  30  ft. 

Roofs, — The  retort  house  roof  should  be  constructed  of  either 


Fig.  7. 


wrought-iron  or  steel,  and  slated.  The  design  of  the  roof  will,  of 
course,  vary  with  the  width.  For  houses  up  to  60  ft.  wide  some 
form  of  king  post  roof  is  generally  adopted.  Above  this  width — 
and  this  applies  to  inclined  retort  houses — the  roof  may  be  either 
elliptical,  semicircular,  or,  as  in  Fig.  7,  divided  into  two  ;  the 
valley  end  of  principals  being  carried  by  a  girder  extending 
the  length  of  the  house. 

Corrugated-iron  sheeting  may  be  used  to  cover  the  principals 
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the  place  of  slates,  and,  being  much  ligfhler  ihan  slates,  the 
principals  may  be  lifjhter  in  construction  and  farther  apart,  so 
reducing  their  number.  The  first  cost  of  a  roof  of  this  descrip- 
tion is  less,  but  its  durability  is  inferior  to  a  slated  roof.  The 
sheets  should  not  be  thinner  than  No.  20  gauge. 

Ventilation, — Suitable  openings  should  be  left  in  the  walls  of 
the  retort  house  at  a  height  slightly  above  the  stuck,  for  the 
admission  of  air  and  light.     The  ventilation  should  be  good,  and, 


I 


Fig.  8. 


with  this  object  in  view,  louvres  should  extend  from  onr  end  ot 
the  roof  to  the  other,  and  be  of  ample  capacity.  Ventilating  tubes 
or  towers  are  sometimes  used  alone,  or  in  addition  to  the  louvre 
ventilator.     These  are  efficient,  and  present  a  good  appearance. 

Retort  Stack* — This  necessarily  varies  in  size  and  general 
construction  according  to  the  system  of  heating  adopted,  and  the 
number,  dimensions,  and  general  arrangement  of  retorts  in  the 
setting. 
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In  the  smaller-sized  works,  where  it  is  inconvenient  to  let  down 
a  bed  of  "throughs,"  the  stack  is  better  constructed  for  single 
retorts  about  9  ft.  long,  and  containing  settings  of  threes,  fivesT 
sixes,  or  sevens,  according  to  the  size  of  the  works. 

In  larger  works  the  double  stack  is  preferable,  as,  In  this,  one 
furnace  may  be  made  to  serve  for  the  double  or  through  setting, 
thereby  minimizing  the  furnace  fuel  and  labour  account. 

It  is  rarely  that  retorts  are  set  fewer  than  seven  in  a  bed  in 
large  works,  and  even  as  many  as  eleven  retorts  are  set  in  one 
bed,  with  an  elevated  travelling  stage  in  front,  from  which  the 
higher  retorts  are  charged  and  drawn. 

Too  much  stress  cannot  be  laid  upon  the  necessity  for  a  good, 
dry,  and  solid  foundation  for  the  retort  istack  and  setting.  Should 
the  foundation  be  of  a  yielding  nature,  the  setting  will  be  (table  to 
crack  by  uneven  subsidence,  thereby  causing  short-circuiting  in  the 
flues,  as  well  as  other  evils. 

If  the  foundation  be  wet,  the  brickwork  of  the  setting  will 
absorb  the  moisture,  and  the  heat  from  the  furnace,  whilst  par- 
tially heating  the  retorts,  will  be  largely  wasted  in  volatilizing 
this  water  in  the  brickwork. 

To  ensure  a  good  foundation  there  should  be  a  bed  of  concrete 
laid  over  the  whole  area  the  retort  stack  is  to  cover.  The  thick- 
ness of  the  concrete  will,  of  course,  depend  to  a  large  extent  on 
the  nature  of  the  ground  ;  but  in  ordinary  ground,  and  for  direct 
fired  retorts,  the  concrete  should  not  be  less  than  2  ft.  ;  for 
generator  and  regenerator  benches,  ai  ft.  ;  and  for  an  inclined 
retort  stack,  3^  ft.  thick. 

On  this  concrete  bed  the  footings  of  the  stack  will  be  built, 
and  a  double  layer  of  fire-bricks  laid  for  the  floor  or  setting 
foundation. 

The  division  walls  or  piers  of  the  stack  should  not  be  less  than 
18  in.  thick,  and  built  of  best  fire-clay  bricks,  set  in  fine,  well- 
tempered  fire-clay. 

With  thinner  walls  there  is  considerable  radiation  when  the 
setting  next  to  the  one  working  is  let  down  ;  whilst  with  walls  of 
this  thickness,  each  setting  conserves  within  it-iclf  nearly  all  the 
heal  generated  in  tts  furnace. 

The  end  or  buttress  walls  should  be  3  ft.  thick,  lined  on  the 
inside   with    c>    in.    of  fire-brick,  and    faced   on    the  outside  with 
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same ;   the   intervening  space   being*   built    in   ordinary  red 
brickwork. 

The  whole  of  the  brickwork  in  a  retort  stack,  whether  fire- 
brick or  otherwise,  should  be  set  in  fire-clay»  as  ordinary  mortar 
rapidly  crumbles  away  when  subjected  to  heat. 

The  main  arches  for  seven  retorts,  and  under,  to  a  setting, 
should  be  semicircular  ;  for  a  setting  of  more  retorts  than  seven, 
the  arch  is  generally  either  segmental  or  elliptical. 

The  semicircular  arch  may  be  built  in  ordinary  fire-brick  rings, 
three  half-rings  deep.  Elliptical  and  segmental  arches,  being 
weaker  than  the  semicircular,  require  greater  care  in  building. 
They  are  best  built  with  a  9-in.  ring  of  purpose-made  slabs  and 
a  4^in.  ring  of  arch  bricks,  carefully  set  in  fire-clay  with  fine 
joints.  A  space  of  from  3  to  4  in.  is  often  left  above  the  top  of 
the  fire-brick  arch  to  allow  for  expansion. 

The  top  of  the  stack  should  be  haunched  up  five  courses  of 
brickwork  above  the  top  of  the  arch,  of  good  common  bricks, 
faced  with  fire-bricks,  laid  solid,  and  finished  with  cornice  or 
coping.  In  the  case  of  an  inclined  stack,  the  haunching  is 
stepped. 

To  prevent  undue  radiation,  the  front  wall  of  the  oven  should 
be  a  brick  and  a  half,  or  14  in.,  thick. 

^'g"'  9  gives  a  good  idea  of  the  construction  of  a  bench 
containing  a  setting  of  seven  direct-fired  retorts. 

Flues  and  Draught.~Thc  main  flue  for  direct-fired  furnaces  is 
generally  built  along  the  top  of  the  stack,  and  communicates  with 
the  setting  by  means  of  flue  holes  in  the  crown  of  the  arch. 
These  should  be  12  in.  square  and  provided  with  damper  tiles, 
^7  in.  long,  16  in.  wide,  3  in.  thick. 

With  settings  on  the  generator  and  regenerative  systems, 
however,  where  it  is  possible  to  build  tlie  flue  at  the  back  of  the 
furnace  (in  the  lower  portion  of  ihc  stack)^  this  should  be  done, 
as  much  heat  from  the  waste  gases,  which,  with  the  flues  on  the 
top  of  the  stack  would  be  lost  by  radiation,  is  kept  within  the 
setting. 

For  a  double  stack  containing  eight  or  ten  ovens  or  benches  on 
each  side,  the  chimney  being  in  the  centre,  the  main  flue  should 
also  be  double,  and  the  internal  dimensions  of  each  division  not 
less  than  36  in.  in  depth  by   15  in.  in  width.     For  even   a   less 
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In  tire  smaller-sized  works,  where  it  is  inconvenient  to  let  down 
a  bed  of  **  Ihroughs,"  the  stack  is  better  constructed  for  single 
retorts  about  9  ft.  long^,  and  containing  setting^s  of  threes,  fives, 
sixes,  or  sevens,  according"  to  the  size  of  the  works. 

In  larger  works  the  double  stack  is  preferable,  as,  in  this,  one 
furnace  may  be  made  to  serve  for  the  double  or  through  setting, 
thereby  minimizing"  the  furnace  fuel  and  labour  account. 

It  is  rarely  that  retorts  are  set  fewer  than  seven  in  a  bed 
large  works,  and  even  as  many  as  eleven  retorts  are  set  in  one 
bed,  with  an  elevated  travelling  stage  in  front,  from  which  the 
higher  retorts  are  charged  and  drawn. 

Too  much  stress  cannot  be  laid  upon  the  necessity  for  a  good, 
dry,  and  solid  foundation  for  the  retort  stack  and  setting.  Should 
the  foundation  be  of  a  yielding  nature,  the  setting  will  be  liable  to 
crack  by  uneven  subsidence,  thereby  causing  short-circuiting  in  the 
flues,  as  well  as  other  evils. 

If  the  foundation  be  wet,  the  brickwork  of  the  setting  will 
absorb  the  moisture,  and  the  heat  from  the  furnace,  whilst  par- 
tially heating  the  retorts,  will  be  largely  wasted  in  volalili/ing 
this  water  in  the  brickwork. 

To  ensure  a  good  foundation  there  should  be  a  bed  of  concrete 
laid  over  the  whole  area  the  retort  stack  is  to  cover.  The  thick- 
ness of  the  concrete  will,  of  course,  depend  to  a  large  extent  on 
the  nature  of  the  ground  ;  but  in  ordinary  ground,  and  for  direct 
fired  relortSi  the  concrete  should  not  be  less  than  2  ft,  ;  for 
generator  and  regenerator  benches,  2\  ft.  ;  and  for  an  inclined 
retort  stack,  3J,  ft,  thick. 

On  this  concrete  bed  the  footings  of  the  stack  will  be  built, 
and  a  double  layer  of  fire-bricks  laid  for  the  floor  or  setting 
foundation. 

The  division  walls  or  piers  of  the  stack  should  not  be  less  than 
18  in,  thick,  and  built  of  best  fire-clay  bricks,  set  in  fine,  well- 
tempered  fire-clay. 

With   thinner  walls  there  is  considerable  radiation  when   thc^_ 
setting  next  to  the  one  working  is  let  down  ;  whilst  with  walls  oi^H 
this  thickness,  each  setting  conserves  within  itself  nearly  all  the 
heat  generated  in  fts  furnace. 

The  end  or  buttress  walls  should  be  3  ft.  thick,  lined  on  the 
inside   with    9    in.    of  fire-brick,   and    faced   on    the  outside  with. 
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e  same ;  the  intervening^  space  being  built  in  ordinary  red 
brickwork. 

The  whole  of  the  brickwork  in  a  retort  stack,  whether  fire- 
brick or  otherwise,  should  be  set  in  fire-clay,  as  ordinary  mortar 
rapidly  crumbles  away  when  subjected  to  heat. 

The  main  arches  for  seven  retorts,  and  under,  to  a  settings, 
should  be  semicircular;  for  a  setting  of  more  retorts  than  seven^ 
the  arch  is  generally  either  segmental  or  clliptlcaK 

The  semicircular  arch  may  be  built  in  ordinary  fire-brick  rings, 
three  half-ring^  deep.  Elliptical  and  segmental  arches,  being 
weaker  than  the  semicircular,  require  greater  care  in  building. 
They  are  best  built  with  a  9-in.  ring  of  purpose-made  slabs  and 
a  4j-in.  ring  of  arch  bricks,  carefully  set  in  fire-clay  with  fine 
joints.  A  space  of  from  3  to  4  in.  is  often  left  above  the  top  of 
the  fire-brick  arch  to  allow  for  expansion. 

The  top  of  the  stack  should  be  haunched  up  five  courses  of 
brickwork  above  the  top  of  the  arch,  of  good  common  bricks, 
^ced  with  fire-bricks,  laid  solid,  and  finished  with  cornice  or 
coping.  In  the  case  of  an  inclined  stack,  the  haunching  is 
stepped. 

To  prevent  undue  radiation,  the  front  wall  of  the  oven  should 
be  a  brick  and  a  half,  or  14  in.,  thick. 

Fig.  9  gives  a  good  idea  of  the  construction  of  a  bench 
containing  a  settlng^  of  seven  direct-fired  retorts. 

Flues  and  Draught, — The  main  flue  for  direct-fired  furnaces  is 
generally  built  along  the  top  of  the  stack,  and  communicates  with 
the  setting  by  means  of  flue  holes  in  the  crown  of  the  arch. 
These  should  be  12  in.  square  and  provided  with  damper  tiles, 
27  in.  long,  16  in.  wide,  3  in.  thick. 

With  settings  on  the  generator  and  regenerative  systems, 
however,  where  it  is  possible  to  build  the  flue  at  the  back  of  the 
furnace  (in  the  lower  portion  of  the  slack),  this  should  be  done, 
as  much  heat  from  the  waste  gases,  which,  with  the  flues  on  the 
top  of  the  stack  would  be  lost  by  radiation,  is  kept  within  the 
setting. 

For  a  double  stack  containing  eight  or  ten  ovens  or  benches  on 
each  side,  the  chimney  being  in  the  centre,  the  main  flue  should 
also  be  double,  and  the  internal  dimensions  of  each  division  not 
less  than  36  in.  in  depth  by   r5  in.   in  width.     For  even   a   less 
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number  of  ovens  the  size  of  flue  should  not  vary  greatly  from 
tlio  ;ibovc. 

An  insullicient  draug^ht,  whilst  it  invariably  results  in 
tltminished  heats,  causes  a  waste  of  fuel^  from  the  consequent 
incomplete  combustion  in  the  furnace  and  the  usual  hard  firing- 
that  accompanies  it.  The  flame  which  is  occasionally  seen  at  the 
top  of  a  retort  house  chimney  is  significant  of  this  defect.  The 
flame  is  produced  by  the  unconsumed  carbonic  oxide  uniting  with 
its    due   proportion    of  oxygen   on    coming   in   contact  with    the 


;gP^^;HiJr^^fffj-yA'^^/t^^^ 


^j.  ^^i^-^<: 


Fir.,  o. 


atmosphere,  and,  by  combustion,  being  converted  into  carbonic 
acid.  When  the  proper  quantity  of  air  is  supplied  to  the  combus- 
tion chamber,  the  carbonic  oxide  produced  is  there  converted  into 
carbonic  acid,  and  the  heat  thus  generated  is  utilized  for  the 
distillation  of  the  coal  contained  in  the  retorts. 

An  excessive  draught  through  the  ovens  is  to  be  avoided,  as 
well  as  an  obstructed  one.  If  too  much  air  is  drawn  in,  its  effect 
is  to  reduce  the  heat,  as  well  as  to  cause  the  consumption  of  an 
excess  of  fuel.     Hence  the  importance  of  being  able  to  control  the 
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drau|i^ht  by  means  of  a  damper  placed  at  the  entrance  of  the  cross 
flue  into  the  main  flue  of  the  bench, 

According^  to  the  experiments  of  Dulong, 

I  lb.  of  hydrvYgcn,      Imrning  to  wilcr,  yields  62,535  units  af  hcau 

1      ,,      carbon,                ,,        lo  carlxmic  acid,  ,,      12,906            „ 

I      ,,     carbon,               ,,        lu  carlK.>nic  uxide,  ,,        2,495           ■■ 

I      „     carbonic  oxide,  .,       to  carbonic  acid,  „       4r47^           ti 

XoTft. — The  Tngluh  Klandard  unit  of  heat  in  the  quantity  of  heat  necessary  to 
raise  ihc  temperature  of  a  pound  avoirdupois  of  waler  l'  Kahr,  The  Krendi  tahiie 
IS  the  quantity  of  heat  rc<)tiired  lo  raii^e  the  temperature  of  a  kilo.  (2'2  lbs.  avoirdu- 
poii)  of  water  l'  Cent. 

As  a  rule,  when  firing  with  coke,  cleaning  off  the  fire  bars 
once  in  twelve  hours  is  sufficient.  Too  frequent  cleaning*  entails  a 
waste  of  coke,  besides  reducing  Ihc  heat  of  the  oven. 

Instead  of  the  tall  chimney  stalk  at  the  end  of  the  retort  house, 
it  is  the  custom  to  erect  chimneys  or  shafts  of  less  altitude  imme- 
diately over  the  bench,  or  between  the  benches,  rising*  a  i^^'  feet 
above  the  roof,  and  servtnj^  for  four  or  more  double  ovens  on  each 
side.  These  are  found  to  produce  a  suflRcieiit  draught,  they  are 
more  uniform  and  reg'ular  in  their  action,  and  their  cost  is  neces- 
sarily less.  Bui  as  they  deliver  the  products  of  combustion  into 
the  atmosphere  at  a  low  le\cK  their  use  should  be  restricted  to 
neighbourhoods  where  the  nuisance  is  unobjectionable. 

When  the  room  can  be  spared,  it  19  best  to  erect  the  chimney 
between,  and  apart  from,  the  retort  benches  ;  so  that  when  the 
latter  need  to  be  taken  down  and  rebuilt,  the  chimney,  being  a 
more  permanent  structure,  remains  undisturbed. 

Sometimes  each  bench  is  supplied  with  a  small  shaft  for  its 
own  use.  In  some  American  gas-works  the  main  flue  and  chimney 
arc  dispensed  with  altogether,  the  opening  in  the  crown  of  the 
bench  being  found  suflicieiit,  it  is  said,  to  afford  the  requisite 
draught.  Even  assuming  the  draught,  under  such  conditions,  to 
be  ample  for  ensuring  perfect  heating  and  carbonization,  which 
may  be  doubted,  the  objections  lo  allowing  the  hot  fumes  to 
escape  into  the  retort  house  underneath  the  roof  are  sufficiently 
obvious  to  cause  the  practice  lo  be  condemned. 

The  following  is  a  useful  rule  for  determining  the  size  of  the 
vertical  opening  in  retort  house  chimneys  about  70  ft.  in  height : 
Allow    1^    sq.    in.    of    area    for    each    lineal    foot    of   retort,   or, 
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say,  15  in.  per  mouthpiece.  Example :  Required  the  interna) 
sectional  area  of  a  chimney  stalk  serving  ten  double  benches  of 
eight  retorts,  or  sixteen  mouthpieces  each,  five  benches  on  each  side 
of  chimney;  retorts  20  ft.  through  ;  total,  160  mouthpieces.  Then — 
160  X  15  =  2400  _ 
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i6'66  sq.  ft.  area. 


Retorts^ — The  materials  of  which  retorts,  for  the  distillation 
or  carbonization  of  coal,  are  made,  are  fire-clay  and  cast-iron. 

In  the  early  days  of  ^as-lighting,  and  for  many  years  later, 
cast-iron  retorts  were  used  exclusively,  but  clay  retorts,  in  the 
face  of  much  prejudice  and  opposition  at  first,  gradually  ad- 
vanced in  popularity  as  their  merits  became  known,  until  at 
the  present  time  their  adoption  is  universal,  save  in  the  ver>* 
smallest  private  works. 

There  were  many  reasons  why  iron  retorts  should  give  place 
to  those  of  the  more  refractory  clay. 

QThe  iron    retorts  were   incapable    of  withstand- 
ing  a  heat   sufficiently  high   for  the   disttllatton   ot 
coal   in   the   most  economical  manner  ;    the  highest 
temperature    at    which    it    was   advisable    to    work 
.  being  iH^o"  Fahr.,  a  bright  cherry  red.     They  were 

also  liable  to  rapid  oxidation,  rendering  necessary 
the  frequent  removal  of  the  scale,  if  the  proper  temperature  was 
to  be  maintained. 

Cast-iron  retorts  are  now  only  employed  in  very  small  works, 
and  in  coal-testing  plants,  as  here  they  possess  an  advantiige 
over  clay,  in  bearing  letting  down  frequently  without  suffering' 
damage. 

The  round,  15-in.  diameter,  and  the  C  -shaped,  15  in.  by  13  in,, 
are  the  handiest,  and  7  ft.  6  in.  is  a  convenient  length.  They  arc 
usually  made  ig  in.  thick,  with  an  ordinary  flange  to  which  the 
mouthpiece  is  attached.     Their  weight  is  16  to  18  cwt. 

Fraser's  ribbed  retort  (Fig.  10)  is  an  improvement  on  the 
ordinary  form. 

Iron  retorts  should  always  be  scurfed  before  being  let  down, 
otherwise  the  unequal  contraction  of  the  incrusted  carbon  and  the 
metal  of  the  retort  in  cooling  will  cause  fracture  of  the  latter. 

The  duration  of  an  iron  retort  is  equal  to  the  production  of 
from  700,000  to  800,000  cub.  ft.  of  gas. 
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CJay  Retorts. — The  chief  advantages  clay  retorts  possess  over 
those  of  iron  are,  the  hig-her  temperature  to  which  they  may  be 
subjected  without  collapse,  with  a  consequent  greater  yield  of  gas 
per  mouthpiece,  and  a  longer  life. 

Until  quite  recently,  hand-moulded  retorts  were  chiefly  in 
use.  Such  retorts,  however,  arc  not  of  a  uniform  consistency 
throughout  ;  consequently,  when  they  are  heated,  uneven  expan- 
sion and  contraction  takes  place,  with  the  result  that  cracks 
appear.  This  want  of  consistency  is  no  doubt  due  to  the  slow 
process  of  hand  moulding,  in  which  it  is  almost  impossible  to 
thoroughly  work  the  materia!  together. 

This  fault  has  been  overcome  by  the  introduction  of  machinery 
in  retort  manufacture,  in  which  the  clay  is  subjected  to  great 
pressure.  For  inclined  retorts,  which  are  not  parallel  throughout 
their  length,  an  expanding  die  is  used.  Besides  its  uniform  con- 
istency,  it  is  further  claimed  for  the  machine-made  retort  that  its 
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surfaces  are  smoother,  and   therefore  offer  less  attraction  to  the 
deposition  of  carbon. 

The  usual  section  of  the  clay  retort  is  cither  the  round  (Fig.  1 1), 
the  elliptical  (Fig,  12),  or  the  Q  (Fig.  13),  with  a  modification  of 
c  latter  known  as  the  dished  Q  (Fig.  14). 
Clay  retorts  are  made  from  2^  to  3  in.  thick,  and  parallel 
throughout  their  length.  The  Hanged  or  swelled  portion  to  which 
the  mouthpiece  is  bolted  is  4  in.  thick  and  y  In.  broad,  the  neck 
tapering  to  the  thickness  of  the  body.  Inclined  retorts  should 
ever  be  less  than  3  in.  thick. 

•*  Single "   retorts   are    usually   made   in    one    piece,    with    a 

topped  end.     When  the  retorts  arc  through,  they  are  usually  in 

three  pieces,  jointed  together,  and  have  a  mouthpiece  at  each  end. 

The  advantages  gained  in   using  this   kind  of  retort  are  im- 

rtant  in  some  respects.     The  accumulation  of  carbon  is  less, 
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owing"  to  the  absence  of  backs.  The  current  of  air  which  is 
drawn  throvigh  their  interior  every  time  they  are  charged  tends  to 
loosen  any  carbon  deposit  that  takes  place.  More  heating  surface 
for  carbonization  is  obtained  without  additional  expense,  and  that 
in  the  hottest  part  of  the  oven.  They  are  also  drawn  with  greater 
facility.  The  scoop  (Fig*.  44,  p.  87)  is  generally  used  in  charging 
these  retorts.  As  they  have  to  be  drawn  and  charged  at  both 
ends  simultaneously,  they  cannot,  where  the  scoop  is  used,  be 
conveniently  worked  where  the  stokers  are  fewer  than  six  in 
number. 

With  the  use  of  through  retorts,  however,  the  gas  has  a 
tendency  to  travel  up  only  one  of  the  ascension  pipes  at  a  time, 
either  owing  to  there  being  a  greater  seal  in  one  of  the  hydraulics 
or  by  reason  of  one  of  the  two  ascension  pipes  being  partly  choked. 
Therefore,  where  the  through  retort  is  adopted,  each  ascension 
pipe  should  be  made  large  enough  to  readily  lake  the  whole  of  the 
gas  produced  in  the  retort. 

Further^  it  is  alleged  against  through  retorts  that  with  their 
use  there  is  an  increase  in  the  percentage  of  sulphur  compounds  in 
the  gas,  and  also  that  they  have  a  tendency  to  produce  naphtha- 
lene deposits. 

The  following  are  useful  and  convenient  sizes  of  clay  retorts:  — 

16  in.  diam.l    1     -j  jr. 

I    Inside  measure,  and  10  ft. 

*     .         J  ."*        "  j       long  outside. 

Q -shaped  .   21  x  15        ,,  J  *• 

The  weight  of  a  clay  retort  of  the  above  sizes  is  from  14  to 
16  cwt. 

For  very  small  works,  the  following  sizes  are  more  suitable  : — 

Round         .  14  in.  diam.  1    »     - 1  j       r» 

-^     ,  u  Inside  measure,  and  q  ft. 

Oval  .  .   i8x  14        ..  V      ,  *    J 

long  outside. 


Round 
Oval  . 


21  X  1 


14  m. 
.   i8x  14 
Q -shaped  .    i8x  14 


1 


Retorts  made  of  fire-bricks  and  tiles  or  blocks  rebated  or 
grooved  and  Jointed  with  fire-clay  are  extensively  in  use  (Fig.  15). 
In  the  matter  of  durability,  they  possess  u  clear  advantage  over 
the  moulded  clay  retort,  their  life  being  three  or  four  times  that 
of  the  other  ;  and  though  their  first  cost  is  more,  this  is  com- 
pensated for  by  the  saving  in  wear  and  tear. 

Large  retorts  of  this  class,  30  to  50  in.  wide,  which  at  one 
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time  were  common  enough,  are  objectionable  for  many  reasons. 
\  large  area  is  exposed  to  the  cold  air  every  time  the  charge  is 
drawn,  and  the  time  occupied  in  drawing  them  is  necessarily  con- 
siderable. Again,  there  is  a  tendency  to  allow  carbon  to  accumu- 
late in  such  retorts,  because  in  the  ample  space  the  inconvenience 
of  the  presence  of  a  thick  body 
of  carbon  is  not  felt  by  the  men 
in  drawing  and  charging.  If  the 
required  temperature,  however,  is 
kept  up  under  these  circumstances. 
it  must  l>e  at  an  excessive  expen- 
diture of  fuel  and  labour.  The 
greater  depth  of  the  coal,  and  the 
constant  inequality  of  carboniza- 
tion between  the  inner  and  outer  portions  of  the  charge,  are  also 
serious  drawbacks  to  their  use. 

By  reason  of  its  shape,  the  round  retort  is  the  strongest  and 
most  durable,  but  it  is  not  equal  to  the  others  as  a  carbonizer, 
and  when  it  has  been  tried  in  inclined  settings,  it  has  not  been  a 
success,  owing  to  the  jamming  of  the  coke  in  discharging. 

For  inclined  settings  it  has  been  found  necessary  to  modify  the 
usual  sections  of  the  retorts  somewhat,  so  as  to  facilitate  the  dis- 
charging of  the  coke.  It  will  be  readily  understood  that  the  coke 
in  an  inclined  retort  is  liable  to  jam  during 
its  progress  downwards.  To  overcome  this, 
the  retort,  usually  Q -shaped,  is  made  to 
taper  from  the  bottom  to  the  top,  not  less 
than  4  in.  in  the  20  ft. 

The  modification  (Fig.  16)  of  the  Q  retort, 

introduced  by  Mr.  Herring,  of  Edinburgh,  is 

the  outcome  of  a  study  of  this  question. 

The  usual  sizes  of  the  inclined  Q    retort  are  from  21  to  26  in. 

wide  by  15  in.  deep  at  the  bottom,  and  from   18  to  32  in.  wide  by 

15  in.  deep  at  the  top. 

The  length  of  inclined  retorts  varies  from  15  to  20  ft.;  but  it 
11  be  recognized  that  the  labour  in  filling  and  drawing  a  ao^. 
retort  is  very  little  more  than  that  for  a  15-ft.  retort. 

It  has  been  found  by  experience  t^at  it  is  a  mistake  to  t 
e  cast-iron  mouthpieces  of  inclined  retorts,  as  was  at  one  1 


Fir,. 


46 


NEWBIGGING'S    HANDBOOK    FOR 


practised.  The  section  of  the  retort  should  be  continued  right 
through  the  mouthpiece. 

In  moderate-sized  works,  where  coke  firing  is  employed,  each 
single  horizontal  retort  should  be  of  capacity  sufficient  to  hold  a 
charge  of  from  2J  to  3  cwt.  ot  coal  ;  and  with  five  or  six  hours* 
charges  the  yield  per  mouthpiece  with  good  bituminous  coal 
should  be  at  the  rate  of  5500  to  6500  cub.  ft.  per  diem  of  twenty- 
four  hours. 

Where  heating  by  regenerative  furnaces  is  adopted,  the 
charges  may  be  heavier  or  more  frequent  ;  and  the  twenty-four 
hours'  yield  per  mouthpiece  will  range  from  7000  to  9000  cub.  ft., 
according  to  the  quality  of  coal  used.  Even  this  yield  is  ex- 
ceeded by  the  Inclined  retorts  when  their  length  is  18  or  20  ft.  and 
they  are  heated  and  worked  under  the  best  conditions. 

Now,  eighteen  months'  continuous  production  at  the  rate  of, 
say,  only  6000  cub.  ft.  per  mouthpiece  per  day,  is  equal  to  a  total 
production  of  about  3]  million  cub.  ft.  of  gas. 

The  carbonizing  temperature  of  clay  retorts  ranges  from 
2010"  Fahr.  (orange)  and  upwards. 

The  following  table  by  Fouillet  gives  the  colours  correspond- 
ing to  various  high  temperatures  : — 


Faint  red      .... 

977" 

Dull  red        .... 

1290° 

Brilliant  red 

1470' 

Cherry  red    .... 

1 650° 

Bright  cherry  red 

1830' 

Orange          .... 

2010" 

Bright  orange 

2190" 

White  heat  .... 

2370" 

Bright  white  heat 

2550' 

Dazzling  white 

2730' 

Melting  point  of  cast-iron — 

White    .... 

1920' 

to 

3010° 

Grey      .... 

2010' 

to 

2190" 

Fahr. 


The  duration  of  clay  retorts  greatly  depends  on  the  setting. 
When  the  retorts  are  properly  supported,  and  suitably  protected 
from  a  cutting  heat  from  the  furnace,  they  will  last  for  two  or 
three  years  ;  otherwise — and  this  is  nearer  their  average  life — they 
will  be  burnt  out  in  hfteen  to  eighteen  months. 
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It  is  an  error  to  suppose  that  the  brickwork  in  the  walls 
supporting  the  retorts  causes  a  diminution  in  the  available  heat. 
Take  the  case  of  two  benches  of  retorts  set,  the  one  with  as  much 
brickwork  as  is  required  for  proper  support  without  obstructing 
the  draujfht  or  unnecessarily  l  ivcring  the  retort  surfaces  ;  and  the 
other  having  the  least  possible  quantity  of  brickwork,  supporting 
(say,  for  example)  the  retorts  only  at  their  extremities.  In  getting 
these  benches  in  action  for  the  first  time,  there  can  be  no  doubt 
the  latter  would  be  the  first  to  attain  the  desired  temperature  ;  but 
although  the  former  would  require  a  little  longer  time,  and  the 
expenditure  of  more  fuel  at  first,  the  superior  regularity  of  its 
action  over  the  other  in  distilling  the  gas  from  the  coal  will 
scarcely  be  questioned. 

No  doubt  the  thinner  the  retorts  themselves,  compatible  with 
strength,  the  better,  so  that  the  heat  may  the  more  readily  pass  to 
their  interior.  But  the  circumstances  attending  the  retort  as  the 
vessel  containing  the  matiirial  for  distillation  are  not  to  be  con- 
founded with  those  appertaining  to  the  adjacent  brickwork.  This 
need  not  be  more  than  is  reasonable,  but  it  is  better  to  err  on  the 
side  of  excess  than  too  little. 

Dimensions  for  Settings  of  Retorts  on  the  DirectX-Fired 
System,  ~  For    three    i8    in.     by     14    in.    ovals   or    Q 's,    9    ft. 
long- 
Width  of  oven,   5   ft.   2  In.  ;   height,   6   ft.   3  in.  ;  depth, 

9  ft.  I  in. 
Width  of  furnace  at  grate  bars,  9  in. 
Width  of  furnace  at  springing  of  arch,  16  in. 
Length  of  furnace,  30  in. 
Height    from   floor-level   to  underneath   the  flanges  of  the 

two  bottom  retorts,  2  ft.  3  in. 
Number  of  grate  bars,  two  ;  30  in.  long  each,  made  of  2  in, 
square  bar-iron. 
For  five  21  in.  by  15  in.  ovals  or  Q  *s,  ro  ft.  long — 

Width   of  oven,  8  ft.  ;  height,   7  ft.  6   in.  ;  depth,    10  ft. 

1  in. 
Width  of  furnace  at  grate  bars,  10  in. 
Width    of   furnace   at   springing   of  arch    underneath    the 

middle  retort,  18  in. 
Length  of  furnace,  30  in. 


In  the  smaller-sized  works,  where  it  is  inconvenient  to  let  down 
a  bed  of  "  throughs,"  the  stack  is  better  constructed  for  single 
retorts  about  9  ft.  long,  and  containing  settings  of  threes,  fives, 
sixest  or  sevens,  according  to  the  size  of  the  works. 

In  larger  works  the  double  stack  is  preferable,  as,  in  this,  one 
furnace  may  be  made  to  serve  for  the  double  or  through  setting, 
thereby  minimixing  the  furnace  fuel  and  labour  account. 

It  is  rareJy  that  retorts  are  set  fewer  than  seven  in  a  bed  in 
large  works,  and  even  as  many  as  eleven  retorts  are  set  in  one 
bed,  with  an  elevated  travelling  stage  in  front,  from  which  the 
higher  retorts  are  charged  and  drawn. 

Too  much  stress  cannot  be  laid  upon  the  necessity  for  a  good, 
dry.  and  solid  foundation  for  the  retort  stack  and  setting.  Should 
the  foundation  be  of  a  yielding  nature,  the  setting  will  be  liable  to 
crack  by  uneven  subsidence,  thereby  causing  short-circuiting  in  the 
flues,  as  well  as  other  evils. 

If  the  foundation  be  wet,  the  brickwork  of  the  setting  will 
absorb  the  moisture,  and  the  heat  from  the  furnace,  whilst  par- 
tially heating  the  retorts,  will  be  largely  wasted  in  volatilizing 
this  water  in  the  brickwork. 

To  ensure  a  good  foundation  there  should  be  a  bed  of  concrete 
laid  over  the  whole  area  the  retort  stack  is  to  cover.  The  thick- 
ness of  the  concrete  will,  of  course,  depend  to  a  large  extent  on 
the  nature  of  the  ground  ;  but  in  ordinary  ground,  and  for  direct 
fired  retorts,  the  concrete  should  not  be  less  than  2  ft.  ;  for 
generator  and  regenerator  benches,  2.^  ft.  ;  and  for  an  inclined 
retort  stack,  3A  ft,  thick. 

On  this  concrete  bed  the  footings  of  the  stack  will  be  built, 
and  a  double  layer  of  fire-bricks  laid  for  the  floor  or  setting 
foundation. 

The  division  wails  or  piers  of  the  stack  should  not  be  less  than 
iS  in.  thick,  and  built  of  best  flre-clay  bricks,  set  in  fine,  well- 
tempered  fire-clay. 

With  thinner  walls  there  is  considerable  radiation  when  the 
setting  next  to  the  one  working  is  let  down  ;  whilst  with  walls  of 
this  thickness,  each  setting  conserves  within  itself  nearly  all  the 
heat  generated  in  lis  furnace. 

The  and  or  buttress  walls  should  be  3  ft.  ihick,  lined  on  the 
inside  with    9    in.   of   fire-brick,  and    faced    on    the  outside  with 
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the  same;  the  intervening^  space  being  built  in  ordtnarj'  red 
brickwork. 

The  whole  of  the  brickwork  in  a  retort  stack,  whether  fire- 
brick or  otherwise*  should  be  set  in  fire-clay,  as  ordinary  mortar 
rapidly  crumbles  away  when  subjected  to  heat. 

The  main  arches  for  seven  retorts^  and  under,  to  a  setting, 
should  be  semicircular;  for  a  setlinj^  of  more  retorts  than  seven, 
the  arch  is  generally  either  segmental  or  elliptical. 
^b  The  semicircular  arch  may  be  built  In  ordinary  fire-brick  rings, 
three  half-rings  deep.  Elliptical  and  segmental  arches,  being 
weaker  than  the  semicircular,  require  greater  care  in  building. 
They  are  best  built  with  a  9-in.  ring  of  purpose-made  slabs  and 
a  4i-in.  ring  of  arch  bricks,  carefully  set  in  fire-clay  with  fine 
joints.  A  space  of  from  3  to  4  in.  is  often  left  above  the  top  of 
the  fire-brick  arch  to  allow  for  expansion. 

The  top  of  the  stack  should  be  haunched  up  five  courses  of 
brickwork  above  the  top  of  the  arch,  of  good  common  bricks, 

P faced  with  fire-bricks,  laid  solid,  and  finished  with  cornice  or 
coping.  In  the  case  of  an  inclined  stack,  thu  haunching  is 
stepped. 

To  prevent  undue  radiation,  the  front  wall  of  the  oven  should 
be  a  brick  and  a  half,  or  14  in.,  thick. 

I^'&*  9  gives  a  good  idea  of  the  construction  of  a  bench 
containing  a  setting  of  seven  direct-fired  retorts. 
Flues  and  Draught » — The  main  flue  for  direct-fired  furnaces  is 
generally  built  along  the  top  of  the  slack,  and  communicates  with 
the  setting  by  means  of  flue  holes  in  the  crown  of  the  arch. 
These  should  be  12  in.  square  and  provided  with  damper  tiles, 
^_27  in.  long,  16  in.  wide,  3  in.  thick, 

^1      With    settings   on   the    generator    and    regenerative   systems, 

^■however,  where  it  is  possible  to  build  the  flue  at  the  back  of  the 

^^Ffurnace  (in  the  lower  portion  of  the  stack),  this  should   be  done, 

as  much  heat  from  the  waste  gases,  which,  with  the  flues  on  the 

top  of  the  stack  would  be  lost  by  radiation,   is  kept  within   the 

setting. 

■I  For  a  double  stack  containing  eight  or  ten  ovens  or  benches  on 
each  side,  the  chimney  being  in  the  centre,  the  main  flue  should 
also  be  double,  and  the  internal  dimensions  of  each  division  not 
less  than  36  in.   in  depth  by   \^  in,   in  width.      For  even    a    less 
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contained  within  the  arch  of  the  retort  bench,  and  its  usual  form 
is  as  shown  in  Fig;.  17. 

Its  size  will,  of  course,  depend  upon  the  :irnount  of  work  il  has 
to  do.  A  producer  of  a  fuel  capacity  of  about  75  cub.  ft.  and 
with  5  ft,  5  in.  depth  of  fuel  is  sufficient  for  a  setting  of  eight 
20-ft.  through  retorts. 

The  producer  is  filled  through  the  charging  mouth  at  the  lop, 
and  the  coke  rests  on  the  hearth  (Fig.  18)  or  fire-bars  (Fig.  20). 

The  air  necessary  for  the  combustion  of  the   fuel  is  admitted 
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Fig.  18. 


through  nostrils  at  the  bottom  of  the  producer,  the  nostrils  being 
regulated  by  means  of  a  damper,  or  other  device,  so  that  the  air 
admitted  is  under  absolute  control. 

The  generally  accepted  theory  of  the  action  of  the  producers 
is,  that  the  air  entering  the  furnace  causes  the  combustion  of  the 
fuel,  with  a  consequent  production  of  carbon  dioxide  as  the  pro- 
duct of  combustion. 

The  carbon  dioxide  then  passes  through  the  incandescent  fuel 
in  the  higher  portion  of  the  producer,  and  is  there  converted  into 
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combustible  g'us,  carbon  monoxide,  according  to  the  equation, 

C02  +  C  =  2CO. 
From  this  it  will  be  readily  seen  that  the  size  of  the  producer 
lust  be  such,  and  the  quantity  of  air  admitted  to  it  must  be  so 
flfovcrned,  as  to  produce  the  maximum  of  carbon  monoxide  at  the 
top  of  the   producer.     Hence  follows  the  rule  that  there  should 
always  be  a  good  depth  of  fuel  within  the  producer,  so  that  all  the 

•carbon  dioxide  formed  may  be  converted  into  carbon  monoxide. 
It   is  usual  to  have  either  a  steam  supply  to  the  producer  or 
a  stream  of  water  running  on 
to  drip-plates  (Fig,    19),    and 
from  thence  falling  to  the  ash- 
pan,  which  should  be  kept  full 
•of  water. 
f     The     advantage     of     the 
steam  or  water  supply  to  the 
producer  is  threefold.     It  dis- 
integrates the  clinker,   keeps 
•  the  Bre-bars  in  good  condition, 
and  helps  in  the  formation  of 
the   combustible   gases   from 
the  producer. 

The  steam  entering  the 
producer  and  meeting  with 
the  incandescent  fuel,  is  split 
up  into  its  constituents, 
hydrogen  and  oxygen.  The 
oxygen  assists  in  the  com- 
bustion of  the  fuel,  and  the 
hydrogen  passes  on  through 
the  fuel,  and  adds  to  the  volume  of  the  combustible  gases. 

But  the  use  of  steam  is  limited  in  application,  owing  to  the 
large  amount  of  heat  absorbed  from  llie  furnace  in  its  dissocia- 
tion. This  heal  is  rendered  latent  in  the  hydrogen,  and  evolved 
again  in  its  combustion  in  the  combustion  chamber. 

Without  the  use  of  steam  the  temperature  in  the  producer  is 
about  2700'  Kahr.,  but  such  a  high  temperature  is  not  necessary  for 
the  reduction  of  carbon  dioxide  into  carbon  monoxide,  the  mini- 
mum temperature  required  being  about  2200"  Fahr.  ;  so  that  steam 
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In  the  smaller-sized  works,  where  it  is  inconvenient  to  let  down 
a  bed  of  *'  throughs,"  the  stack  is  better  constructed  for  single 
retorts  about  9  ft.  long,  and  containing  settings  of  threes,  fives, 
sixes,  or  sevens,  according  to  the  size  of  the  works. 

In  Ijirger  works  the  double  stack  is  preferable,  as,  In  this,  one 
furnace  may  be  made  to  serve  for  the  double  or  through  setting, 
thereby  minimizing  the  furnace  fuel  and  labour  account. 

It  is  rarely  that  retorts  are  set  fewer  than  seven  in  a  bed  in 
large  works,  and  even  as  many  as  eleven  retorts  are  set  in  one 
bed,  with  an  elevated  travelling  stage  in  front,  from  which  the 
higher  retorts  are  charged  and  drawn. 

Too  much  stress  cannot  be  laid  upon  the  necessity  for  a  good, 
dry,  and  solid  foundation  for  the  retort  stack  and  setting.  Should 
the  foundation  be  of  a  yielding  nature,  the  setting  will  bo  liable  to 
crack  by  uneven  subsidence,  thereby  causing  short-circuiting  in  the 
flues,  as  well  as  other  evils. 

If  the  foundation  be  wet,  the  brickwork  of  the  setting  will 
absorb  the  moisture,  and  the  heat  from  the  furnace,  whilst  par- 
tially heating  the  retorts,  will  be  largely  wasted  in  volatilizing 
this  water  in  the  brickwork. 

To  ensure  a  good  foundation  there  shovild  be  a  bed  of  concrete 
laid  over  the  whole  area  the  retort  stack  is  to  cover.  The  thick- 
ness of  the  concrete  will,  of  course,  depend  to  a  large  extent  on 
the  nature  of  the  ground  ;  but  in  ordinary  ground,  and  for  direct 
fired  retorts,  the  concrete  should  not  be  less  than  2  ft.  ;  for 
generator  and  regenerator  benches,  2I  ft.  ;  and  for  an  inclined 
retort  stack,  3?,  ft.  thick. 

On  this  concrete  bed  the  footings  of  the  stack  will  be  built, 
and  a  double  layer  of  fire-bricks  laid  for  the  floor  or  setting 
foundation. 

The  division  walls  or  piers  of  the  stack  should  not  be  less  than 
18  In.  thick,  and  built  of  best  fire-clay  bricks,  set  in  fine,  well- 
tempered  fire-clay. 

With  thinner  walls  there  Is  considerable  radiation  when  the 
setting  next  to  the  one  working  is  let  down  ;  whilst  with  walls  of 
this  thickness,  each  setting  conserves  within  itself  nearly  all  the 
heat  generated  in  Its  furnace. 

The  end  or  buttress  walls  should  be  3  ft.  thick,  lined  on  the 
inside   with    g    in.    of  fire-brick,  and    faced   on    the  outside  with 
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the  same ;  the  intervening  space  being  built  in  ordinary  red 
brickwork. 

The  whole  of  the  brickwork  in  a  retort  stack,  whether  fire- 
brick or  otherwise,  should  be  set  in  fire-clay,  as  ordinary  mortar 
rapidly  crumbles  away  when  subjected  to  heat. 

The  main  arches  for  seven  retorts,  and  under,  to  a  setting, 
should  be  semicircular  ;  for  a  setting  of  more  retorts  than  seven, 
the  arch  is  generally  either  segmental  or  elliptical. 

The  semicircular  arch  may  be  built  in  ordinary  fire-brick  rings, 
three  half-rings  deep.  Elliptical  and  segmental  arches,  being 
weaker  than  the  semicircular,  require  greater  care  in  building. 
They  are  best  built  with  a  9-in.  ring  of  purpose-made  slabs  and 
a  4}-in.  ring  of  arch  bricks,  carefully  set  in  fire-clay  with  fine 
joints.  A  space  of  from  3  to  4  in.  is  often  left  above  the  top  of 
the  fire-brick  arch  to  allow  for  expansion. 

The  top  of  the  stack  should  be  haunchcd  up  five  courses  of 
brickwork  above  the  top  of  the  arch,  of  good  common  bricks, 
faced  with  fire-bricks,  laid  solid,  and  finished  with  cornice  or 
coping.  In  the  case  of  an  inclined  stacks  the  haunching  is 
stepped. 

To  prevent  undue  radiation,  the  front  wall  of  the  oven  should 
rbe  a  brick  and  a  half,  or  14  in.,  thick. 

^^S-  9  gives  a  good  idea  of  the  construction  of  a  bench 
containing  a  setting  of  seven  direct-fired  retorts. 

Flues  and  Draught* — The  main  flue  for  direct-fired  furnaces  is 
generally  built  along  the  top  of  the  stack,  and  communicates  with 
the  setting  by  means  of  flue  holes  in  the  crown  of  the  arch. 
These  should  be  12  in.  square  and  provided  with  damper  tiles, 
27  in.  long,  16  in.  wide,  3  in.  thick. 

With  settings  on  the  generator  and  regenerative  systems, 
however,  where  it  is  possible  to  build  the  flue  at  the  back  of  the 
furnace  (in  the  lower  portion  of  the  stack),  this  should  be  done, 
as  much  heat  from  the  waste  gases,  which,  with  the  flues  on  the 
top  of  the  stack  would  be  lost  by  radiation,  is  kept  within  the 
setting. 

\  For  a  double  stack  containing  eight  or  ten  ovens  or  benches  on 
«ach  side,  the  chimney  being  in  the  centre,  the  main  flue  should 
also  be  double,  and  the  internal  dimensions  of  each  division  not 
less  than  36  in.   in  depth  by   15  in.   in  width.      For  even   a   less 


Semi-reg-cnerators  are  sometimes  adopted.     In  these  a  cavity 

of  about  3  or  4  ft.  in  depth  is  made  in  the  floor  in  front  of  the  retort 
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bench,  beinjj  covered  with  cast-iron  plates,  and  leaving  a  movable 
door  or  lid  to  give  access  underneath.     VVc  do  not  recommend 
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them,  as  the  workmen  are  subjected  to  an  objectionabte  degree  of 
heat  in  clinkering-  ;ind  rcmovlnij  the  ashes. 

If  there  is  one  point  whicli  necessitates  greater  care  and  con- 
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sideration  in  the  construction  of  the  retort  setting  than  another, 
it  is  that  with  regard  to  the  position  and  size  of  the  combustion 
chamber. 

With  the  ordinary  direct  firing  where  the  retorts  arc  heated 
by  conduction,  it  is  necessary  that  the  products  of  combustion 
impinge  as  much  as  possible  on  the  surface  of  the  retorts. 

With  gaseous  firing,  however,  such  a  policy  is  wrong.  Here 
we  have  the  combustible  gases  from  the  producer  mixing  with 
the  secondary  air  at  the  combustion  chamber,  with  ignition.  The 
flame  should  not  impinge,  if  it  can  be  prevented,  upon  any  surCice, 
such  as  the  retort,  in  which  the  heat  is  at  a  lower  potential  than 
itself,  otherwise  the  combustion  will  be  more  or  less  destroyed 
and  incomplete,  and  also  the  cutting  heat  of  the  Rame  will  rapidly 
destroy  the  retort  or  brickwork  upon  which  it  impinges. 

The  flame  should  have  full  play,  so  that  the  retorts  may  be 
hc^ated  by  radiation  from  the  flame,  and  afterwards  by  conduch'oti 
from  the  products  of  combustion. 

This  points  to  a  large  combustion  chamber,  and  the  larger 
this  is  the  less  liability  there  will  be  for  the  burning  out  of  the 
centre  retorts.  For  this  reason,  the  tendency  in  the  future  will 
be,  no  doubt^  to  do  away  with  the  centre  retorts  altogether, 
ranging  them  in  twos  or  fours. 

On  the  principle  of  regeneration,  as  applied  to  the  heating  ot 
retorts,  it  may  be  pointed  out  that  dry  air,  though  diathcrmatous 
to  radiant  heal,  takes  upbeat  with  extreme  rapidity  when  brought 
in  contact  with  a  hot  surface.  It  is  not  necessary,  therefore,  that 
the  hot-flue  passage  through  which  the  secondary  air  is  caused 
to  travel  in  order  to  be  heated  before  coming  in  contact  with  the 
combustible  gases  from  the  generator,  should  be  long  extended 
and  tortuous  in  its  course. 

The  advantages  of  the  so-called  regenerative  arrangements  as 
applied  to  retort  furnaces  are  due  not  only,  or  chiefly  (though 
this  is  important),  to  the  heating  of  the  secondary  air^  which  is 
readily  accomplished,  but  largely  to  the  circumstance  that  the 
heat  of  the  waste  gases,  as  the  latter  traverse  the  passages  con- 
structed alongside  the  furnace,  is  at  a  potential  higher  than  that 
to  which  the  brickwork  in  the  base  of  the  setting,  and  in  the  sides 
of  the  generator  in  the  absence  of  the  waste  gas  flues,  could 
possibly    attain.     The   eff'ect    of  this  is  to  insulate,    as  it    were, 
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the    heat    of    the    furnace,    minimizing    outward    radiation    and 
conduction. 

Hear,  like  water  and  electricity,  tends  to  establish  an  equili- 
brium ;  and  the  lovi-cr  the  temperature  of  a  body  in  contact  with 
another  at  a  higfher  temperature,  the  greater  the  abstraction  of 
heat  from  the  latter  by  the  former. 

From  this  it  will  be  evident  that  the  function  fulfilled  by 
the  heat  of  the  waste  gases  cannot  properly  be  considered  as 
*'  regenerative,"  in  the  strict  sense  of  that  word.  Their  tempera- 
ture is  necessarily  lower  than  that  of  the  furnace  and  the  inside 
of  the  oven.  Heat  cannot  travel  from  a  lower  to  a  hij^her 
potential  any  more  than  water  under  normal  conditions  can  travel 
uphill,  and  therefore  it  is  not  possible  for  the  lower  temperature 
to  *' regenerate  *'  the  higher.  The  chief  function  of  the  heat  of 
the  waste  gases  is  by  insulation,  as  already  explained,  to  conserve, 
in  the  ratio  of  their  own  temperature,  the  heat  generated  by  com- 
bustion in  the  furnace.  If  it  were  possible  to  enclose  the  heated 
ovens  of  a  retort  stack  on  all  sides  with  an  envelope  of  heat,  it  is 
obvious  that  the  heat  of  the  ovens  would  be  conserved,  a  higher 
and  steadier  temperature  maintained,  and  that  economy  of  fuel 
would  result. 

At  the  risk  of  some  repetition,  it  may  be  pointed  out  that  the 
secrets  of  success  in  generator  furnace-building  and  retort-setting 
are — 

(i)  To  make  sure  that  the  system  adopted  is  a  good  one. 

(2)  To  ensure  a  sound,  unyielding,  and  dry  foundation. 

(3)  To  use  only  the  best  materials  and  workmanship. 

{4)  To  have  the  Joints  of  the  brickwork   throughout  as   thin 

and  close  as  possible. 
And  in  the  working  of  these^ 
(t)  To  get  up  the  heat  very  slowly  and   gently  at  the  outset, 

drying  the  brickwork  gradually  and  thoroughly  at  a  low 

temperature. 

(2)  To  charge  the  generator  with  hot  coke  as  drawn  from  the 

retorts. 

(3)  To  carefully  regulate  the  primary  air  supply,  and  keep 

the  ashpans  full  of  water. 

(4)  To  insist  on  the  generators  being  kept   full  of  coke.      If 
this  is  not  done,  CO..  instead  of  CO  will  be  produced  in 
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them,  the  concentrated  heat  melting*  down  the  brickwork 

instead  of  doing  good  service  in  the  ampler  area  of  the 

retort  oven-     The  ijenerators  should   be  filled  up  every 

lime  the  retorts  are  drawn. 

If  a  gas  manag'er  has  complaint  to  make  ot  the  regenerative 

system  and  settings  and  iheir  results,  then  one  or  other,  or  all, 

of  the  above  points  have  been  neglected. 

Inclined  l?e/orts.  — Following  the  example  of  M.  Coze,  of 
Rheinis,  settings  of  seven,  eight  and  niiu*  retorts  placed  at  an 
angle  of  about  32  degrees,  have  been  adopted  by  various  engineers 
in  this  country. 

That  the  modern  settings  of  inclined  retorts  are  a  success,  so 
far  as  the  actual  carbonization  of  the  coal  goes,  there  can  be  no 
doubt.  As  to  whether  they  would  be  financially  so,  if  applied 
generally  in  the  smaller  works,  is  open  to  question. 

Where  it  is  impossible  to  materially  reduce  the  manual  labour 
already  employed,  and  where  there  is  therefore  little,  if  any, 
likelihood  of  a  reasonable  return  being  made  on  the  extra  capital 
expended  on  an  installation  of  inclines,  ihe  older  system  of  hori- 
-  zontal  retorts  must  still  be  retained. 
^K  Again,  with  regard  to  the  very  large  works,  where  power- 
^Vstoking  is  already  employed  in  such  a  way  as  to  show  an 
r  appreciable  reduction  in  the  cost  of  carbonization  over  the  hand 
^Ksystem  of  stoking,  and  allowing  for  interest  on  the  capital  outlay 
^^^n  the  machinery,  little  or  no  advantage  could  be  looked  for  by  a 
r       substitution  of  inclined  retorts. 

^H  There  is,  however,  between  the  small  and  the  very  large 
^B  works,  a  vast  number  of  medium-sized  works  not  large  enough 
■  to  allow  of  the  application  of  power-stoking  being  profitable, 
where  the  introduction  of  inclined  retorts  would  be  of  material 
advantage,  and  would  show  a  reduction  on  the  cost  of  carboniza- 
tion, including  all  capital  charges. 

There  were  two  great  difficulties  to  be  overcome  before 
inclined  retorts  could  be  worked  satisfactorily. 

The  first  difficulty  was  with  regard  to  the  uniform  heating  of 
the  retorts,  the  tendency  with  the  earlier  installations  being  for 
the  lop  end  of  the  retort  to  become  considerably  hotter  than  the 
lower  end. 

This  difficulty  has  been  overcome  in  recently  designed  sellings 


by  buildmg-  a  solid  division  wall  separating  the  front  portion  of 
ihe  scitinjj  from  the  back  portion,  each  bctni^  worked  by  its  own 
dampers  and  having  its  own  secondary  air  supply. 

The  regenerative  system  of  heating  is  invariably  employed  for 
these  settings,  with  the  furnace  on  the  drawing  side  of  the  stack. 

The  second  difficulty  was  with  regard  to  the  even  distribution 
of  the  coal  along  the  bottom  of  the  retort.  In  the  original  Coze 
system,  the  mouthpieces  were  a  prolongation  of  the  retorts,  and 
were  bent  upwardSi  all  reaching  to  the  same  level.  The  fall  of 
coal,  therefore,  from  the  tipping  waggons  took  place  from  one 
uniform  Icvelj  which  was  8  ft.  4  in.  higher  than  the  bottom  tier 
of  retorts,  6  ft.  higher  than  the  middle  tier,  and  3  ft.  9  in.  higher 
than  the  top  tier. 

It  is  evident  that  if  a  drop  of  3  ft,  9  in.  was  right  for  the 
higher  tier  ol  retorts,  one  of  6  ft.  and  8  ft.  4  in.  could  not  be 
right  for  the  middle  and  bottom  tiers,  the  retorts  all  being  inclined 
at  the  same  angle.  As  a  matter  of  fact,  irregular  charging  was 
the  result. 

In  the  modern  installations  of  inclined  retorts,  instead  of  the 
mouthpieces  being  bent  upwiirds  and  brought  to  one  common 
level,  wdth  trucks  containing  the  coal  passing  above  them,  the 
retorts  are  stopped  off  level  with  the  front  of  the  stack,  and  are 
provided  with  cast-iron  mouthpieces  and  lids  as  for  the  horizontal 
retorts.  The  coal  is  charged  into  the  retorts  by  means  of  shoots 
running  on  rails  in  front  of  the  stack,  there  being  a  separate 
shoot  to  each  tier  of  retorts. 

A  continuous  coal-storage  hopper  extends  the  whole  length  of 
the  house,  and  from  it  depend  a  number  of  measuring  chambers 
or  pouches,  one  measuring  chamber  to  each  vertical  line  of  retorts. 
These  chambers  are  provided  with  doors  at  the  top  and  bottom, 
opened  and  closed  by  means  of  levers,  so  that  a  specific  amount 
of  coal  passes  from  the  muasurtng  chamber  at  each  manipulation 
of  the  lever  into  the  shoots  and  thence  to  the  retort. 

The  initial  impulse  due  to  gravity  which  the  coal  receives  in 
its  descent  from  the  hopper  and  through  the  charging  shoots,  is 
regulated  by  means  of  baffle  plates  in  the  shoots,  in  such  a  manner 
that  at  the  mouthpiece  of  each  retort  the  impulse,  which  causes 
the  coal  to  spread  in  a  uniform  layer  along  the  bottom  of  the 
retort,  is  the  same. 
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In  addition  to  the  bafHe  pfate.s,  there  is  an  adjustable  door  in 
the  measurinj^  chamber  by  which  the  area  of  the  opcninj^- can  be 
varied  to  suit  the  conditions  of  size  and  dryness  or  dampness  in 
the  coal. 

In  Mr.  Shoubridf^e's  charging  apparatus,  the  coal,  which  is 
contained  in  a  travelling''  hopper  or  box,  is  brought  down  to  three 
different  levels,  to  suit  the  heig^hts  of  the  three  tiers  of  retorts. 
The  shoots,  also  three  in  number,  are  ranged  to  meet  the  same 
conditions. 

Not  only  is  the  system  of  inclined  retorts  a  ^reat  advance  in 
the  method  of  charg-ing,  but  it  is  also  equally  advantajjeous  for 
discharging  the  resultant  coke,  which  slides  out  by  gravity  on 
Opening  the  bottom  lid  and  removing  the  stop  which  is  put  in  to 
prevent  the  coal  sliding  into  the  mouthpiece.  Sometimes  the 
coke  will  stick,  but  it  can  easily  be  set  in  motion  by  pricking  with 
an  iron  rod. 

VVith  the  advances  that  have  been  made  of  recent  years  in  the 
construction  of  conveying  machinery,  the  hot  coke  can  be  con- 
veyed straight  from  the  retort  house  to  the  coke  store  or  open 
yard,  and  quenched  on  its  way. 

Machine  Charging  and  Drawing. — The  difficult  problem  of 
applying  machinery  lo  the  charging  and  drawing  of  retorts  is  one 
which  has  occupied  the  minds  of  gas  engineers  from  the  very 
introduction  of  gas-lighting. 

Clegg  attempted  to  perfect  an  arrangement  by  which  a  con- 
tinuous supply  and  discharge  was  effected  ;  and  though  he  did  not 
succeed  in  producing  an  economical  and  satisfactory  apparatus,  it 
greatly  to  be  desired  that  other  efforts  in  the  same  direction 
mav  be  crowned  with  success. 

A  retort  house  of  to-day  is  not  considered  complete  in  its 
equipment  unless  some  attempt  has  been  made  to  minimize  the 
arduous  labour  of  charging  and  dniwing  the  retorts  by  hand. 

The  extent  to  which  mechanical  charging  and  drawing  appli- 
ances can  be  applied  to  any  particular  works  depends  to  a  large 
extent  upon  the  number  of  retorts  in  use,  so  that  the  machines 
adopted  may  show  a  reasonable  return  on  the  extra  capital 
expended. 

With  regard  to  the  charging  machines  on  the  market,  it  may 
be  said  that  they  are  of  three  different  kinds.     First,  the  machines 


in  which  a  portion  of  the  same  actually  enters  the  retort  either 
as  a  *' scoop"  or  '*  pusher;"  second,  ihc  charg-ing  apparatus  in 
connection  with  the  inclined  installations  ;  and,  third,  those  latest 
inventions  by  which  tlie  coa!  is  projected  into  the  retort. 

or  the  first  order  of  machines,  the  West  ;*nd  the  Arrol-Foulis 
charging  and  drawin^^  machines  rank  as  foremost. 

For  medium-sized  works  a  manual  stoking-  machine  has  been 
designed  by  Mr.  West,  so  that,  whilst  manual  labour  is  still 
required,   the  stoking  is  a  much  easier  operation. 

Overhead  fixed  coal  hoppers  supply  the  coal  to  a  travelling 
hopper  running  on  rails  in  front  of  the  retort  bench,  and  a  light 
frame  suspended  beneath  this  hopper  carries  the  "  charger."  The 
charger  is  filled  by  a  feed  box  immediately  beneath  the  mouth  of 
the  coal  shoot,  and  is  governed  by  a  hand  wheel.  The  charger 
consists  of  two  semicircular  scoops  carried  by  a  light  carriage 
on  wheels,  which  are  arranged  so  that  by  twisting  the  drawing 
handle  after  the  scoops  are  in  the  retort,  the  scoops  turn  over  and 
the  coal  is  deposited.  Suitable  propelling  gear  worked  by  a  hand 
wheel  enables  the  machine  to  be  easily  moved  along  the  retort 
house. 

In  the  West's  power-driven  machine  the  operations  of  the 
manual  charger  are  done  mechanically.  The  power  used  for 
driving  these  may  be  compressed  air,  wire  and  cotton  ropes,  or 
hydraulic  power. 

The  drawing  machine  consists  of  a  rake  bar  and  frame  suit- 
ably mounted  on  a  travelling  frame  and  capable  of  being  raised 
or  lowered  to  the  several  tiers  of  retorts. 

The  Arrol-Foulis  hydraulic  stoking  machine  has  no  scoop  for 
carrying  the  coal  into  the  retort,  but  instead  of  this  a  *' pusher," 
working  along  a  shoot,  drives  measured  quantities  of  coal,  gener- 
ally one-sixteenth  of  the  total  charge,  to  the  correct  position  in 
the  retort,  and  this  operation  is  repeated  until  the  retort  is  full. 
A  drawing  machine  has  also  been  designed  to  work  along  with 
the  charger. 

An  excellent  machine  for  use  in  medium-sized  works  is  the 
'*  Rapid"  manual  and  power  charging  apparatus  of  Biggs,  Wall, 
&  Co.  It  consists  of  an  overhead  travelling  frame  with  a  pair 
of  rails  running  parallel  to  the  length  of  the  retort  house.  On 
these  raits  a  carriage  with  lifting  gear  is  arranged,  and  to  the 
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lifting   gear   ihe   charg^ing  scoop  is   suspended.     The  length   ot 
travel  of  the  carriage  is  such  that  the  scoop  is  pushed   half-way 

i along  the  retort,  but  the  impetus  given  to  the  scoop  by  the  driver 
^  sufficient  to  carry  it  the  full  length  of  the  retort. 
I       The  second  system,   that  of  charging  the  retorts  by  the   law 
of  gravity  and  the  angle  of  repose  of  coal,  and    kiiuwji  as   the 
*'  Inclined"  system,  has  already  been  described  on  p.  58, 

The  latest  form  of  charging  machine  is  that  so  well  illustrated 
in  Ihe  De  Brouwcr  charger. 

The  machine  is  driven  by  electricity,  a  dynamo  of  about  three- 

■horse  power  being  all  that  is  required  to  work  same. 
The  machine  consists  of  a  light  iron  framework  suspended  by 
chains  to  u  travelling  carriage  running  on  rails   beneath   a   line  of 
overhead  coal  hoppers.      Fixed  in  the  framework  is  a  large  pulley 
with  a  grooved  face. 

A  funnel-shaped  mouthpiece  guides  the  coal  from  the  overhead 
hoppers  on  to  the  back  of  this  grooved  face  pulley*  Against 
the  back  and  bottom  face  of  the*  pulk-y  there  travels  a  leather 
bell  working  on  two  small  pulleys.  So  that  Ihe  top  side  of  the 
belt  is  at  a  right  angle  with  the  large  grooved  pulley  working 

•  in  the  angle. 
The  coal  travels  down  the  spout  formed  by  the  grooved  pulley 
and  the  leather  belt,  and  the  centrifugal  force  imparted  to  the  coal, 
is  sufficient  to  shoot  the  same  to  the  far  end  of  a  20-ft.  retort. 
Suitable  controlling  power  is  fixed  to  the  machine  to  diminish  the 
speed  of  the  belt,  and  thereby  enable  the  coal  to  be  laid  from  back 
to  front  of  the  retort  in  an  even  layer. 
H  Another  machine  working  on  the  same  principle  as  the  De 
Brouwcr  centrifugal  force,  is  that  recently  constructed  by  the 
Engineers  of  the  Paris  Gas  Company.  The  application  of  this 
force,  however,  is  totally  diHerent  from  that  of  the  De  Brouwer. 

■  AaaJysis  of  Furnace  Oases. — With  the  direct-fired  furnace, 
in  which,  beyond  governing  tlie  consumption  of  fuel  by  the  aid  of 
dampers  regulating  the  cliimney  draught,  no  control  of  the  fur- 
nace is  possible,  an  analysis  of  the  waste  gases  Irutu  the  furnace 
tis  of  little  practical  value. 
With  the  adoption  of  gaseous  firing,  however,  the  great 
advantage  of  which  rests  in  the  means  it  affords  of  obtaining 
a  combustion  which,   in  theory,  is   approximately  perfect,  a   full 
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knowledge  of  both  the   producer  gases  aad  the  waste  gases 
almost,  if  not  wholly,  synonymous  with  efficient  working. 

Theoretically,  the  producer  gas  should  contain  34A  per  cent,  of 
carbon  monoxide  and  65A  per  cent,  of  nitrogen  ;  but  an  average 
analysis  will  generally  show  ^5  per  cent,  of  carbon  monoxide,  60 
per  cent,  of  nitrogen,  8  percent,  of  carbon  dioxide,  and  7  per  cent, 
of  hydrogen  and  methane.     The  waste  gases  should  contain  not 

more  than  i^  per  cent,  of 
oxygen,  no  carbon  monoxide, 
2 1  per  cent,  of  carbon  dioxide, 
and  77A  per  cent,  of  nitrogen. 

A  wrought -iron  tube  is 
employed  for  collecting  the 
sample.  This  is  made  to 
project  into  the  centre  of  the 
flue,  and  is  continued  for  some 
distance  outside,  so  as  to  cool 
the  gas.  The  better  to  obtain 
an  average  sample^  it  is  well 
to  aspirate  a  much  larger 
quantity  of  gas  than  is  re- 
quired, and  take  off  the  sample 
simultaneously  by  a  branch 
lube. 

There  are  three  or  four 
efficient  apparatus  for  ascer- 
taining the  composition  of  pro- 
d  ucer  and  waste  gases,  but 
that  of  Orsat  is  perhaps  the 
simplest  and  most  compact. 
The  Orsat  apparatus  (Fig. 
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24),  and  its  manipulation,  may  briefly  be  described  as  follows: — 

The  measuring  tube  or  burette,  A,  consists  of  an  elongated  bulb, 
terminating  at  the  top  in  a  capillary  tube,  and  diminished  at  the 
bottom  into  a  tube  of  uniform  bore,  graduated  in  tenths  of  a  c.c. 
The  lube  contains  from  the  zero  mark  to  the  upper  capillary  end 
exactly  100  c.c.  at  normal  temperatur*;  and  pressure.  To  keep 
the  burette  as  much  as  possible  from  the  influence  of  sudden 
changes  of  temperature,  it  is  provided  with  a  water  jacket. 
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The  tower  end  of  ihe  tube  is  connected  by  means  of  caout- 
chouc tubing  with  a  water  **  level "  bottle,  d^  which  can  be  raised 
or  lowered  a(  the  will  of  the  operator. 

The  upper  capillary  tube  is  bent  at  right  angftes  with  the 
vertical,  a  short  distance  above  the  measuring  tube,  and  is 
continued  across  the  apparatus  on  wooden  supports. 

Other  capillary  tubes,  provided  with  stopcocks,  are  fused  into 
the  main  capillary,  and  are  connected  at  their  lower  end  by  a 
short  leng'th  of  caoutchouc  tubing  with  the  U-shaped  absorption 
vessels,  B'  B"  B'",  filled  with  bundles  of  glass  tubes;  the  object 
of  the  latter  being  to  expose  a  large  surface  to  the  gases  under 
test. 

These  absorption  vessels  are  half  filled,  respectively,  with  a 
solution  of  caustic  potash,  an  alkaline  solution  of  pyrogallate,  and 
concentrated  solution  of  cuprous  chloride  in  hydrochloric  acid. 

The  vessel  B'  will  then  absorb  any  carbon  dioxide  in  the  gas 
to  be  analyzed,  the  vessel  B"  any  oxygen,  and  the  vessel   B'"  any 


^L  carbon  monoxide. 
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It  is  not  customar>'  to  analyze  for  the  hydrogen  and  methane, 
though  this  can  be  done  by  the  addition  of  a  palladium  apparatus 
following  the  vessel  B  ". 

The  nitrogen  is  estimated  as  residue. 

Manipulation* — See  that  the  absorption  vessels  nearest  the 
main  capillary  tube  arc  full  to  the  mark  in  the  capillary  neck. 
This  is  done  by  opening  the  connecting  taps  and  lowering  the 
level  of  the  water  in  the  measuring  tube,  for  which  purpose  the 
'*  level  **  bottle»  </,  is  used.     Then  shut  off  the  cocks. 

The  measuring  tube  must  then  be  filled  with  water  up  to  the 
capillary  part,  by  raising  the  level  bottle.  The  outer  end  of  the 
capillary  tube,  /*,  must  now  be  connected  with  the  tube  through 
which  the  gas  to  be  tested  has  to  pass,  and  the  lower  end  of  the 
three-way  cock,  r,  with  an  india-rubber  pump,  by  which  the  air  is 
removed  from  the  connected  tube. 

Now  aspirate  the  gas  by  lowering  the  level  bottle,  (/,  and 
turning  the  tap  c  through  90'.  Run  off  the  water  a  little  below 
the  zero  mark,  close  the  tap  c,  raise  the  level  bottle  ^/,  so  as  to 
compress  the  gas  and  allow  the  excess  of  water  to  run  out  to 
zero  by  cautiously  opening  the  pinch  cock,  ///.  To  finish  the 
operation,  the  tap  c  is  opened  for  an  instant  to  equalize  pressure, 
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whereupon  exactly  lOO   cc.  of  gas  will  be  confined    within  the 
burette. 

The  ijas  is  now  ready  for  testing',  first  by  the  absorption  of 
carbon  dioxide  by  conveying'  the  gus  into  the  vessel  B',  contain- 
ing a  solution  of  caustic  potash.  This  is  done  by  raising  the 
level  bottle  d^  and  opening  the  tap  *■.  The  absorption  is 
quickened  by  raisingf  and  lowering  the  level  bottle  two  or  three 
times,  care  being  taken  not  to  draw  any  of  the  reagent  into  the 
capillary  tube. 

The  level  of  the  solution  in  B*  is  then  brought  up  to  the 
mark  on  the  capillary  tube,  and  the  tiip  e  closed.  The  read- 
ing can  then  be  taken  by  raising  the  level  bottle  until  the 
water  in  the  bottle  and  the  water  in  the  burette  are  at  the  same 
level. 

The  decrease  in  volume  found  indicates  the  percentage  by 
volume  (since  loo  cc.  were  taken)  of  carbon  dioxide. 

In  like  manner  the  oxygen  is  absorbed  in  B  and  the  carbon 
monoxide  in  B'",  the  unabsorbed  residue  representing  the  nitrogen 
and  a  small  percentage  of  hydrogen  and  methane. 

Reagents. ^T\\e.  caustic  potash  solution  should  be  of  i*2  to 
1*28  specific  gravity. 

The  alkaline  pyrogallate  is  prepared  by  adding  18  gr.  of 
pyrogallol  to  the  above  caustic  potash  solution. 

The  cuprous  chloride  solution  is  prepared  by  adding  35  gr. 
of  copper  chloride  to  200  cc.  of  strong  hydrochloric  acid  and 
a  few  strips  of  sheet  copper,  this  solution  to  be  kept  well  stop- 
pered for  two  days  and  well  shaken,  after  which  add  120  cc. 
of  water. 

The  vessel  B'"  should  contain  cither  strips  of  copper  or  copper 
wire  to  keep  the  cuprous  chloride  up  to  strength. 

Carbon  Deposit*  —  In  the  distillation  of  coal  u  deposit  of 
carbon  takes  place  within  the  retorts,  which,  if  allowed  to  goon 
accumulating,  eveniualiy  seriously  contracts  their  internal  area, 
and  causes  a  diminution  in  the  heats. 

This  deposit  is  due  principally  to  the  pressure  produced  by  the 
resistance  offered  to  the  passage  of  the  gas  through  the  difTerent 
apparatus. 

Its  removal  by  scurfing  with  chisel  bars  in  the  ordinary  way  is 
always  more  or  less  attended  with  damage  to  the  retorts  ;  the 
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more  so  as  they  require  to  stand  off  for  six  or  twelve  hours,  to 
loosen  the  carbon  by  the  admission  of  air,  before  applying-  the  bar. 
Different  methods  of  scurfing'  have  been  tried  with  varying 
success,  the  best  probably  bein^  that  by  which  a  current  of  air  and 
steam  is  made  to  impinge  upon  the  carbonaceous  deposit  ;  but, 
after  all,  the  best  plan  of  obviating  the  difficulty  is  to  prevent  the 
deposit  as  much  as  possible,  by  minimizing:  the  dip  in  the  hydraulic, 
or  dispensing  with  the  latter  altogether  (see  p.  8i),  by  employing 
an  exhauster  to  reduce  the  back  pressure,  and  by  frequently 
scurfing  the  surface  of  the  retorts  with  a  rounded  steel  scraper. 

■  Coke  Slaking, — In  the  slaking  or  quenching  of  hot  coke, 
water  is  a  necessity.  It  is  true  that  if  the  coke  is  drawn  from 
the  retorts  into  iron  barrows,  and  a  close  cover  placed  over  it, 
the  confined  gases,  in  the  absence  of  atmospheric  oxygen,  will 
gradually  arrest  combustion  in  the  mass ;  and  this  method  of 
dealing  with  the  coke  is  sometimes  adopted  with  a  view  to  abating 
the   nuisance  of  the  escape   of  steam  charged    with    sulphurous 

(vapours  from  the  retort  house,  and  to  preserve  the  coke  for  sale 
in  a  dry  and  bright  condition.  Where  the  production  ol  coke 
is  great,  however,  as  in  the  case  of  large  works,  this  is  an  incon- 
venient, if  not  impossible,  method  of  dealing  with  the  material. 
The  quantity  of  water  absorbed  by  the  coke  when  it  is  slaked 
in  the  ordinary  way  is  comparatively  small,  not  exceeding,  on  the 
average,  15  per  cent,  of  the  weight  of  coke  in  the  first  instance, 
and  the  bulk  of  this  evaporates  when  the  coke  is  deposited  out- 
side the  retort  house  in  the  open  air,  about  3  per  cent,  of  moisture 
■  being  permanently  retained. 
Proportloa  of  Coke  used  for  Firing,  —  In  moderate -sized 
works,  skilfully  conducted,  about  3.I  cwt.  of  coke,  or  25  per  cent, 
of  the  production  (say,  13  cwt.)  of  coke  per  ton  from  Newcastle 
and  other  high-class  bituminous  coals,  is  used  as  fuel  to  carbonize 
one  ton  of  coal. 

In  large  works,  under  the  most  favourable  conditions,  and  with 
the  ablest  management,  the  consumption  of  coke  for  heating  the 
ovens  may  be  reduced  as  low  as  15  to  20  per  cent,  of  the  pro- 
duction. 

In  small  works,  one-third  the  production  of  coke  is  nearer  the 
^average  consumption. 

Radiation  from  the  benches  is  reduced,  and  fuel  economized  to 
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an  extent  greater  than  mig^ht  be  supposed,  by  temporarily  brick- 
ing up  tht^  furnace  floors  and  the  mouths  oi  al!  retorts  in  beds  not 
in  use  in  proximity  to  others  in  action. 

Tar  used  for  Firing. — Where  tar  is  unmarketable,  or  but  of 
low  value,  and  there  is  a  ready  sale  for  coke,  the  former  should 
be  employed  in  heating  the  retorts. 

Its  application  is  exceedtng-ty  simple.  When  applied  to  an 
ordinary  furnace,  the  ashpan  is  first  filled  up  with  breeze  ;  the 
door  is  then  removed  and  the  door  space  bricked  up,  leaving* 
two  holes,  one  above  the  other,  about  4  by  3  in.  The  tar  is 
supplied    throug"h  the    top    hole,   the    bottom    hole  being"  for  the 

I! 
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admission  of  air,  and  to  allow  of  the  fire  being  stirred  when 
required.  A  piece  of  2-Jn.  angle-iron,  or  a  grooved  fire-clay  slab, 
or  other  convenient  channel,  is  inserted  into  the  furnace  throug-h 
the  top  hole,  and  down  this  the  tar  is  made  to  flow  in  a  stream 
about  Vff  inch  thick.     (Fig.  2$.) 

The  tar  can  be  taken  direct  from  the  hydraulic  main,  or  back 
main,  in  the  bottom  of  which  a  i-in.  wrought-iron  ferrule,  having 
a  stopcock  attached,  is  screwed.  A  }-in.  reducing  coupling  is 
then  put  on,  and  this  size  of  pipe  brought  down  to  the  side  of  the 
oven,  where  the  tar  is  supplied  to  the  trough  through  a  nozzle  of 
the  proper  dimensions  ;  or  a  jet  of  stf^im  directed  through  the 
nozzle  may  be  used  to  spray  the  tar  into  the  furnace. 
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As  the  hydraulic  and  back  mains  will  not  supply  all  Ihe  tar 
necessary,  a  pipe  should  also  be  broug^ht  from  a  tank  or  cistern 
erected  in  some  convenient  place  outside  the  retort  house.  If  this 
tank  is  placed  inside  the  retort  house,  the  dust  arising'-  from  the 
coal  mixes  with  the  tar  and  hinders  its  flow.  Into  this  tank  a 
supply  of  tar  should  be  pumped  from  the  tar  well  as  required. 

The  objection  to  the  use  of  tar  as  fuel,  as  above  applied,  ts 
that  the  intense  heat  which  is  generated  al  the  point  of  com- 
bustion soon  destroys  the  arch  or  tiles  underneath  the  middle 
retort,  breaking  the  latter  down. 

As  this  retort,  in  the  ordinary  setting"  of  fives  and  sevens,  is 
the  one  usually  hrst  burnt  out,  it  is  advisable  to  restrict  the  use 
of  tar  to  those  benches  that  have  been  at  work  for  a  length  of 
lime,  and  in  which  the  middle  retort  is  either  much  burnt  or 
already  destroyed. 

Numerous  other  expedients  for  firings  by  tar  have  been  put 
forward,  but  the  above  has  the  merit  of  efliciency  with  cheapness 
and  extreme  simplicity.  In  the  event  of  a  deficiency  in  the  supply 
of  tar,  this  furnace  is  readily  reconverted  for  coke  firing. 

About  50  gallons  of  tar  used  as  fuel  will  carboni^te  2^  tons 
of  Newcastle  coal,  or  a  mixture  of  Wigan  coal  and  cannel,  in 
twenty-four  hours. 

At  this  rate  about  6  gallons  of  tar  are  equal  to  a  sack 
*{3  bushels)  of  coke. 

Retort  Stack' Bracing, — The  brickwork  of  the  ordinary  retort 
stack  is  braced  together  with  buckstaves  and  tie  rods,  applied 
both  longitudinally  and  transversely,  to  enable  it  to  resist  the  ex- 
panding action  of  the  heat.  The  buckstaves  are  preferably  made 
of  wrought-iron  or  steel,  either  rolled  H  (Fig.  26)  or  rail  section 
(Fig.  27),  or  formed  of  two  flat  bars  6  in.  wide  and  at  least  ih  in. 
thick,  with  cast-iron  distance  pieces  between,  through  which  the 
two  flat  bars  are  riveted  together  with  J-in.  rivets.    {Fig.  28.) 

The  boss  A»  with  hole  therein,  is  intended  to  receive  the 
wrought-iron  pipe,  i-in.  diameter,  leading  from  the  3-in.  water 
main  on  the  lop  of  the  retort  stack.  To  the  end  of  this  pipe 
a  brass  swivel  is  attached,  and  from  this  again  a  piece  of  i-in. 
steam  tubing,  1 1  in.  long,  projects,  having  a  brass  swivel 
cock  at  its  end  ;  a  tube  of  J  of  an  inch  diameter  is  screwed 
thereto,    and    terminates    in     a    4-i  n.  brass    rose   jet    through 
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which  water  is  discharged  for  slaking  the  coke  as  it  Is  drawn  from 
the  retorts  (Fig.  29). 

The  tie  rods  are  of  round  mild  steel, 
or  wrought-iron  from  2  to  3  in.  diameter, 
depending  upon  the  size  of  the  stack, 
threaded  with  square  threads  and  furnished 
with  coupling  boxes  and  strong  hexagon 
nuts  and  washers. 
Before  heating  a  retort  stack  for   the  first  time,  care  should 
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be  taken  that  the  tie  rods  are  not  screwed  up  so 
as  to  put  a  strain  on  them,  otherwise,  on  the 
stack  expanding,  either  the  threads  will  be  torn 
off  the  tie-rod  coupling  or  the  rods  themselves 
wilt  snap. 

If  the  transverse  tie  rods  be  taken  through  the 
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division  walls  of  the  stack  they  should  be  encased  in  4-in.  cast- 
iron  piping  so  as  to  allow  of  air  circulating  round  them,  other- 
wise they  are  soon  burnt  away. 

For  inclined  settings  the  transverse  tie  rods  take  the  form  of 
rolled  joists  securely  bolted  and  bracketed  to  the  buckstaves,  and 
also  serve  as  supports  for  the  hydraulic  and  back  mains. 

A  J-in.  steel  plate,  extending  the  width  of  the  stack,  and  2  ft. 
deep,  placed  in  a  recess  at  the  end  or  buttress  wall  opposite  the 
springing  of  the  arches,  and  underneath  the  buckstaves,  helps 
materially  to  bind  the  brickwork  together,  and  prevents  undue 
expansion. 

The  question  of  bracing  the  retort  stack  becomes  one  of 
much  greater  importance  when  treating  with  inclined  retorts 
instead  of  those  set  horizontiiUy. 

Not  only  are  the  front,  back,  and  end  buckstaves  to  be 
strengthened,  but  additional  vertical  and  horizontal  bracing  is 
required  for  the  front  and  back  walls  of  the  setting. 

For  a  stack  containing  sellings  of  20-ft.  inclined  retorts,  the 
following  bracing  is  suitable  :  — 

Six  front  buckstaves  formed  of  two  8  in.  by  6  in.  rolled  steel 

joists  with  ^in.  cover  plates. 
Six  back  buckstaves,  16  in.  by  6  in.  and  62  lbs.  per  foot  rolled 

steel  joists. 
Eight  end  buckstaves,  16  in.  by  6  in.  and  62  lbs.  per  foot  rolled 

steel  joists. 
Six  transverse  girders,    12  in.  by  6  in.   and  54  lbs.   per  foot 
bolted  to  front  and  back  buckstaves  and  resting  on  brackets. 
Four  longitudinal   rods  2\  in.  diameter  with  forged-steel  open 

coupling  boxes. 
Bracing  to  front  and  back  walls  of  setting  of  8  in.  by  6  in.  and 

7  in.  by  5  in.  rolled  steel  joists. 
In  addition  to  binding  the  brickwork  of  the  setting  together, 
the  back  buckstaves  carry  the  coal  storage  hoppers  and 
shoots.  (Fig,  7.) 
Furnace  Fittings,  —  These  consist  of  the  ashpan,  furnace 
and  clinkcring  doors,  sight-hole  boxes,  fire-bars  and  bearers,  drip- 
plates,  &c. 

The  particular  design  and  size  of  the  furnace  fittings  will 
depend  upon  the  type  of  furnace  adopted. 
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The  foilowing  are  the  details  of  the  fittings  required  for  a  direct- 
fired  furnace : — 

The  ashpan  maybe  of  wrought  plate-iron  /g-  in.,  or  of  cast- 
iron  /,  in.  thick.  The  usual  dimensions  are:  Length  5  ft., 
width  12  in,,  depth  10  in.,  outside.  (Fig-  30.)  The  pan  should 
always  be  kept  charged  with  water.  The  water,  heated  by  the 
glowing  coke,  gives  off  steam  in  considerable  volume,  and  this, 
rising  underneath  and  between  the  furnace  bars,  contributes  to 
their  durability  by  keeping  them  comparatively  cool.  A  tidy 
fire-about,  with  the  ashpan  charged  with  water  and  reflecting  the 
bright  fire  between  the  bars^  is  an  indication  of  good  stoking. 

The  grate  bars  are  two  or  three  in  number  and  30  in.  lo  36  in. 
long,  made  of  2-in.  wrought  bar-iron,  and  supported  on  t\v6  bear- 
ing bars  3  in.  square  in  section,  24  in.  long,  their  ends  built  into 
the  brickwork. 

The  furnace  frame  and  door  (Fig.  25)  are  of  cast-iron,  the 
latter  with  pocket  to  receive  a  tile  or  fire-brick  lining.  Cast-iron 
cleaning-out  and  sight-hole  boxes  with  plugs  are  built  into  the 
front  wall  of  the  setting. 

For  a  generator  or  regenerative  furnace  the  ashpan  needs 
to  be  about  2  ft.  g  in.  wide,  5  ft.  long  by  10  in.  deep,  and  the 
furnace  bars  and  bearers  made  to  suit  the  width  of  furnace. 

The  furnace  (or  clinkering)  door  and  frame  differs  from  that  for 
a  direct-fired  furnace,  inasmuch  as  it  is  designed  so  as  to  admit 
of  the  regulation  of  the  air  passing  through  it  to  tht*  furnace. 

The  fuel  for  the  furnace  is  admitted  through  a  charging  door 
provided  with  an  air-tight  cap. 

The  sight-hole  boxes  and  plugs  are  similar  to  those  for  a 
direct-fired  furnace. 

Other  furnace  fittings  are  the  drip-plates  and  their  bearers. 
These  are  placed  across  the  furnace  behind  the  clinkering  door, 
and  arc  usually  6  in.  wide  and  ,'  in.  thick. 

Retort  Mouthpieces. — The  retort  mouthpiece,  of  cast-iron,  is 
round,  ^-shaped,  or  oval,  to  suit  the  retort,  and,  for  horizontal 
retorts,  usually  15  in.  deep  from  front  lo  back. 

The  lop  and  bottom  mouthpieces  for  inclined  retorts  are 
different  in  size  and  shape,  owing  to  the  tncreasL-  in  width  of  the 
retort  at  the  lower  end  ;  and  since,  with  inclined  retorts,  the  gas 
usually  taken  o(T  by  one  ascension  pi(>e,  and  that  at  the  lower 
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end   of  the  retort,   there  is  no  necessity  for   the  jiscension 
socket  on  the  top  mouthpiece. 

The  usual  horizontal  dimension  of  the  lower  mouthpiece  is 
tS  in.,  and  that  of  the  lop  mouthpiece  7  in. 

Lu^s  are  cast  on  the  sides  of  the  mouthpiece  for  the  mouth- 
piece door  fastening's. 

The  mouthpieces  are  either  provided  with  a  flanj^e  for  bolting 
to  the  retort,  or  with  a  socket  for  fitting  round  the  retort.  In 
either  case  rails  of  rail-steel  should  be  placed  across  the  front  of 
the  flange  and  secured  to  the  front  buckstavcs,  so  as  to  keep  the 
mouthpieces  in  position. 

The  fallowing  are  the  det«iils  of  a  mouthpiece  for  an  oval  retort 


31  in.  by  15  in.,  and  will  serve  as  a  model  for  any  other  size  and 
shapei  allowance  being*  made  for  varying-  dimensions.  (See  Figs. 
31  to  34.) 

Depth  from  front  to  back,  over  all,  15  in. 
Thickness  of  metal  in  front  portion,  '^  in. 

,,  ,,      in  lip,  I  in.,  and  planed  level. 

,,  .,       in  flange,  i  in. 

Width  of  flange  in  front,  y^  in. 

,,  M      at  back,  4  in. 

Number  of  bolt  holes,  eight  ;  diameter,  t  in. 
Ear-box  on  each  side,  with  slot  2  in.  by  J  in. 
Socket,  to  receive  end  of  ascension  pipe,  5  in.   in  height  and 
6J  in.  diameter  inside  ;  centre,  5  in.  from  front. 
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Bolts,    for   securing-   mouthpiece   to   retort,    eight  ;    diameter, 

1  in.  ;  screwed  and  nutted  at  both  ends. 
Lug's  of  wTOught-iron,  14  in.  long,  2  in.  broad,  and  |  in.  thick  ; 

one   with  jaws   and   pin   for   hinging    cross-bar,   the  other 
cranked   and   notched  as  in  Fig.  34.     Slit  at  opposite  end, 

2  in.  long,  ]  in.  wide  ;  wedged  to  ear-box. 
Cross-bar  of  wrought-iron,  25  in.  long,  2  in.  broad  at  each  end, 

and  ^  in.  thick.      Middle  part  zj  in.  broad,  swelled  out  to 
2  in.  thick,  with  i  in.  screw'ed  hole  through  centre. 
Screw,  10  in.  long,  with  square  thread  7  in.  of  its  length. 
Cross  handle,  14  in.  long,  |  in.  round-iron. 
Lid,  i  in.  thick,  plate-iron,  dished,  with  lug  on  each  side. 
Cements  for  Jointing  Mouthpieces— 
To  clay  reioris — 

Three-fourths  by  weight  of  fire-clay. 
One-fourth  by  weight  of  iron  borings. 
When  ready  to  connect,  mix  with  ammoniacal  water.      Use  no 

sulphur. 
Or— 

20   lbs.   gypsum   (sulphate   of  lime)   made  into  a 

pulp  with  water. 
10  lbs.  iron  borings  saturated  with  a  strong  solu- 
tion of  sal  ammoniac. 
Mix  well  together  till  of  a  consistency  fit  for  use. 
In   fixing  the  mouthpieces  to  clay   retorts,  the  flange  or  face 
of  the  retort  should   be    notched   all  over  with   a  sharp-pointed 
hammer,  or  a   slight  channel  cut  all  round  (this  is  best  done  by 
the  retort  maker  in  course  of  manufacture),  for  the  cement  to  bed 
into  when  the  bolts  are  screwed  up. 
For  iron  retorts — 

2  lbs.  fine  clean  iron  borings. 
I  oz.  sal  ammoniac. 
I  oz.  flowers  of  sulphur. 
Mix  together  and  keep  dry.    When  required  for  use,  add  water 
to  bring  the  mixture  to  a  proper  consistency. 

Besides  being  fastened  with  bolts,  mouthpieces  should  always 
be  supported  by  cross-bars  pressing  against  the  flanges,  the  ends 
being  secured  to  the  buckstaves. 

Luting  for  Retort  Lids. — Ordinary  lime,  or  spent  lime  from 
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the  purifiers  mixed  with  fire-clay  or  common  clay,  and  worked  up 
into  mortar. 

I      The  following  makes  a  tough,  persistent  luting": — 
I  part  lime. 
2  parts  moulding  sand. 
Ground  up  together,  with  water,  in  a  mortar  mill. 
Self- sealing   retort   lids   are   extensively   used   for   horizontal 
retorts,  and  exclusively  so  for  inclined.     This  lid  is  not  removed 
from  the  mouthpiece  in   charging   ihe  retort,    but  swivels  round 
with  the  hinged  cross-bar,  to  which  it  is  secured.     It  is  made  in 
any   form   to  suit  the  shape  of  the   retort,   with    upturned   semi- 
circular edge,    faced  true.      This  pressing  against   the  flat  edge 
of  the  mouthpiece,   which   is  :ilso  faced,  makes  a  gas-tight  joint 

■without  the  intervention  of  luting. 
The   ascension    or  stand   pipes   may    be   of  cast   or    wrought 

I  iron,  and  should  not  be  less  than  5  in.  diameter  for  horizontal 
retorts.  Pipes  tapering  from  6  in.  to  5  in.,  and  pipes  6  in. 
diameter  are  commonly  adopted. 

^H       For  inclined  retorts  the  ascension  pipes  should  not  be  less  than 

^By  in.  diameter. 

'  The  best  caulking  material  for  ascension  pipes  at  their  junction 

with  the  mouthpiece  socket  is  ordinary  ground  fire-clay,  or  slaked 
lime,  made  of  the  consistency  of  putty.  These,  when  pressed 
down  into  the  space  between  the  spigot  and  socket»  make  a  per- 
fectly tight  and  durable  joint,  and  are  easily  removed  when  the 
retorts  need  renewing.  On  the  other  hand,  when  the  joints  are 
caulked  with  iron  cement,  the  labour  in  cutting  it  out  and  the  risk 
of  splitting  the  socket  are  considerable. 

^K       Ascension  pipes  occasionally   become  choked  to  a  greater  or 

^Pless  degree  with  thick  tar,  pitch,  and  other  carbonaceous  matter. 
When  this  occurs,  it  is  well  to  let  as  many  as  can  be  spared  at 
once  stand  off  for  a  shift  (provided  the  retorts  are  in  condition  to 
admit  of  this),  drawing  the  charge  and  removing  the  bonnet  or 
plug  from  the  top  of  the  bridge-pipe.     The  healed  air  making  its 

■way  through  the  smallest  aperture  will  thoroughly  clear  them  of 
the  obstruction. 

Drawing  off  the  thick  tar  from  the  hydraulic  main,  and  allow- 
ing free  exit  of  the  gas  from  the  latter,  and  keeping  the  pipes 
cool,  are  the  best  preventives  of  choking.     This  latter  may  be 


74 


NK\viU(;(;iNf;'.s  handbook  for 


accomplished  to  a  great  extent  by  making  the  front  walls  of 
the  ovens  i!  bricks  thick,  so  preventing  undue  radiation  from  the 
bench,  and  having  the  mouthpieces  of  the  retorts  so  constructed 
as  to  allow  of  the  pipes  standing-  6  or  H  in.  away  from  the  front 
wall  of  the  oven. 

The  bridge  and  dip  pipes  are  of  cast-iron,  and  5  in.  is  the 
usual  diameter.  The  bridge-pipes  are  made  in  various  useful  forms 
(Figs.  35  and  36).  The  chief  consideration  in  the  design  should 
be  to  secure  easy  access  to  (heir  interior  for  clearing  purposes  in 


Fir..  35. 


Fig.  36. 


case  of  blocking  with  thick  tar.  The  following  dimensions  will 
be  useful  for  a  setting  of  horizontal  retorts  :  — 

Internal  diameter  of  bridge  and  dip  pipes,  5  in. 

Height  of  bridge-pipe,  16  in. 

Width,  centre  to  centre,  21  in. 

Connecting  flanges,  diameter  loj  in. 

Bolt-holes,  four  in  number,  centre  to  centre  across,  8|  in. 

Diameter  of  bolts,  J  of  an  inch. 

The  Hydraulic  Main, — The  hydraulic  main,  as  a  general  rule, 
even  in  small  works,  should  not  be  less  than  18  in.  in  width  at 
the  water-level. 

Hydraulic  mains  of  cast-iron  are  now  only  adopted  in  small 
works,  mains  constructed  of  steel  or  wrought-iron  being  both 
lighter  and  less  liable  to  fracture. 


Fic.  39. 

torn    dished    to    the)  extent    of  4    or   5   in.    (Fig.  41)- 

:ion  oi'  main  has  superseded  those  whose 
section  was  either  C -shape  (Fig-.  37)  with  the 
flat  side  up,  square  (Figf.  38),  or  round  (Fig. 
3Q),  which  only  serve  for  an  accumulation  of 
thick  tar. 

The   •' Livesey "  hydraulic  (Fig.   40)   is   a 
great  improvement  on   the  old  sections,  and. 
but  for  the  greater  cost  of  manufacture,  possesses  all  the  advan- 
litges   of   the    more    modem    section.       The    chief   object  of  the 


KiG.  41. 

modification  in  form  is  to  allow  only  a  shallow  depth  of  liquid, 
and  this  being  kept  in  motion  by  the  issuing  gas,  deposit  to  any 
^reat  extent  is  prevented. 
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accomplished  to  a  great  extent  bv  making  the  front  walls  of 
the  ovens  il  bricks  thick,  so  preventing  undue  radiation  from  the 
bench,  and  having  the  mouthpieces  of  the  retorts  so  constructed 
as  to  allow  of  the  pipes  standing;  6  or  8  in.  away  from  the  front 
wall  of  the  oven. 

The  bridge  and  dip  pipes  are  of  cast-iron,  and  5  in,  is  the 
usual  diameter.  The  bridge-pipes  are  made  in  various  useful  forms 
(Figs.  35  and  36).  The  chief  consideration  in  the  design  should 
be  to  secure  easy  access  to  their  interior  for  clearing  purposes  in 


Fio.  35. 


Fic.  36. 


case  of  blocking  with  thick  tar.  Tiie  following  dimensions  will 
be  useful  for  a  setting  of  horizontal  rt-lorls  :  — 

Internal  diameter  of  bridge  and  dip  pipes,  5  in. 

Height  of  bridge-pipe,  16  in. 

Width,  centre  to  centre,  2\  in. 

Connecting  Manges,  diameter  loj  in. 

Bolt-holes,  four  in  number,  centre  to  centre  across,  8J  In. 

Diameter  of  bolts,  }  of  an  inch. 

The  tiydraulic  Main,- -The  hydraulic  main,  as  a  general  rule, 
even  in  small  works,  should  not  he  less  than  18  in.  in  width  at 
the  water-level. 

Hydraulic  mains  of  cast-iron  are  now  only  adopted  in  small 
works,  mains  constructed  of  steel  or  uTOught-iron  being  both 
lighter  and  less  liable  to  fracture. 


bottom    dished    to    the]  extent    of  4    or   5   in.    (Fit;.  4i)< 

section  of  main  has  superseded   those  whose 

section  was  either  Q -shape  (Fig.  37)  with  the 

flat  side  up,  square  (Fig.  ^S),  or  round  (Fig. 

39),   which  only  serve  for  an  accumulation  of 

thick  tar. 

The    **  Livesey  *'  hydraulic   (Fig.    40)   is    a 
great  improvement  on   the  old  sections,  and, 
but  for  the  greater  cost  of  manufacture,  possesses  all  the  advan- 
tages  of   the    more    modern    section.       The    chief    object  of  the 
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modification  in  form  is  to  allow  only  a  shallow  depth  of  liquid, 
and  this  being  kept  in  motion   by  the  issuing  gas,  deposit  to  any 
;reat  extent  is  prevented. 
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The  steel  and  wrought-iron  mains  are  usually  constructed  with 


sides    and  bottom   j\  in.   thtck,   and  top   ^'^   in. 


thick.     The  top 
by  jf  in.   angle 


plate  is  bolted  with  J-in.  bolts  to  3  in,  by  3   h-i 
steel  riveted  to  the  top  of  side  plates. 

Where  cast-iron  mains  are  adopted  they  should  be  J  in.  thick. 

Instead  of  allowing  the  heavy  tar  from  the  hydraulic  main  to 
pass  over  with  the  gas,  and  by  so  doing  allowing  ihe  tar  to 
absorb  a  large  percentage  of  the  illuminating  constituents,  many 
arrangements  have  been  adopted  whereby  the   tar  is  taken  from 


Kit:.  42. 

the  hydraulic  main  by  a  separate  main  to  that  by  which  the  gas 
leaves. 

A  very  good  arrangement  is  that  in  which  (I'ig.  4^)  a  6-in. 
cast-iron  main  running  beneath  the  hydraulic  is  connected  to  each 
section  by  a  4-in.  branch  with  a  valve,  the  lower  end  of  the 
main  being  connected  to  a  stand-pipe  at  the  end  of  the  stack. 
The  stand-pipe  should  be  of  sufficient  capacity  to  contain  one 
day's  production  o(  tar. 

To  govern  the  depth  of  seal  within  the  hydraulic  main  there 
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is  a  3-in.  overflow  pipe  with  a  weir  valve  connected  to  the 
stand-pipe  at  the  level  of  the  liquor  in  the  hydraulic;  the  over- 
flow pipe  is  carried  down  to  the  ground  and  there  connected  to 
the  tar  main.  A  water  connection  to  the  hydraulic,  and  a  tar 
outlet  with  valve  connected  to  the  bottom  of  the  stand-pipe,  com- 
plete the  apparatus. 

Its  working  is  as  follows  :  The  hydraulic  main  and  stand.pipe 
arc  filled  with  liquor,  and  the  weir  valve  set  so  as  to  give  the  re- 
quired seal  in  the  hydraulic  main.  As  the  tar  is  formed,  it  settles 
to  the  iMJttum  of  the  hydraulic,  and  flows  down  the  tar -pipe 
beneath  to  the  stand-pipe,  which  it  gradually  fills,  the  displaced 
liquor  flowing  over  the  weir  valve  and  down  the  overflow-pipe. 

Each  day  the  tar  is  run  ofli"  from  the  stand-pipe  and  fresh 
liquor  run  into  the  hydraulic,  care  being  taken  that  the  tar  does 
not  flow  away  quicker  thfin  fresh  liquor  is  supplied. 

The  hydraulic  main  may  be  either  erected  on  girders  attached 
to  the  buckstaves,  which  are  lengthened  so  as  to  reach  above  the 
top  of  the  bench  for  that  purpose,  or  it  may  be  carried  on  brackets 
secured  to  the  buckstaves. 
I        To  erect  the  main  on  standards  resting  on  the  lop  of  the  bench 
is  not  a  good  plan,  as  any  settlement  of  this  will  aflect  the  seals  in 
the  hydraulic. 
I        In  some  instances  the  hydraulic  main  is  placed  against  the 
retort  house   wall,  being   supported    on    brackets    or   cantilevers 
attached  thereto.     This  plan  necessitates   a  strong  wall  to  bear 
the  weight  of  the  main  and  its  contents,  and  also  a  long  length  of 
pipe  overhead,  fixed  in  an  inclined  position,  attached  at  one  end 
by  a  bend  to  the  ascension  pipe,  and  at  the  other  to  the  dip-pipe 
L  on  the  main. 

P  In  addition  to  the  hydraulic  main,  a  second  or  back  main  is 
often  laid  along  the  bench,  and  connected  to  the  former  at  the 
water-level,  at  each  bench  or  oven,  by  a  branch  with  a  valve  upon 
it  for  closing  when  necessary.  This  secondary  main  conveys  the 
gas  and  fluid  products  from  the  retort  house,  and  admits  of  the 
isolation  of  the  hydraulic  main  over  each  setting  of  retorts.  By 
this  arrangement  it  is  easy,  in  case  of  any  disturbance  of  the  bench 
through  settlement  or  otherwise,  to  restore  the  several  short 
lengths  of  hydraulic  main  to  the  true  level. 

Hydrocarbon  an<J  other  Oases  and  Vapours, — A  simple  gas 
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is  usually  described  to  be  a  permanently  elastic  fluid  under  the 
ordinary  conditions  of  temperature  and  pressure.  Coal  g^as,  as  it 
is  compOLind  in  character,  does  nol  answer  to  that  description. 
When  it  has  been  distilled  from  coal  by  the  ag^ency  of  heat  in  the 
retort  bench,  and  issues  from  the  retort  up  the  ascension  pipe  into 
the  hydraulic  main,  there  is  carried  in  suspension,  along;  with  the 
permanently  ijaseoiis  fluids,  a  number  of  hydrocarbon  and  other 
vapours,  which  condense  at  temperatures  varying"  from  about  aoc' 
Kahr.  downwards. 

The  water  which  is  found  in  the  hydraulic  main  is  due  to  the 
condensation  of  the  vapour  or  steam  which,  coming"  from  the 
retorts,  is  carried  up  the  ascension  pipes  alon^'  with  the  permanent 
gases  and  the  heavy  hydrocarbons,  the  latter  bein^  deposited  as 
tar.  The  presence  of  the  water  is  accounted  for  by  its  previous 
existence  in  the  interstices  of  the  apparently  dry  coal,  h  is  also 
produced  synthetically  by  the  combination  broui^'^ht  about  by  the 
heal  of  the  retorts  of  a  portion  of  the  oxygen  and  hydrog-en,  two 
constituents  of  the  solid  coal.  The  (quantity  of  water  thus  yielded 
varies  with  different  coals,  b\it  the  averag^e  yield  may  be  set  down 
at  i6  gals,  per  ton.  It  has  previously  been  explained  (see  p.  i6) 
that  a  portion  of  the  steam  from  wet  coal  is  decomposed  in  the 
hot  retorts,  being  resolved  into  its  constituent  gases.  It  will  be 
seen,  thereforct  assuming  the  correctness  of  this  hypothesis,  that 
two  opposite  processes  are  being  carried  on  simultaneously  in  the 
retorts — ^the  analytical  and  the  synthetical — and  this  apparently 
inconsistent  action  may  be  explained  by  the  original  character  of 
the  substance  acted  upon — the  steam  in  the  one  instance,  and  the 
g'ases,  oxyg"en  and  hydrogen,  in  the  other — and  their  proximity  to, 
and  period  of  contact  with,  the  hot  surface  traversed  by  them. 

The  strong-  affinity  which  exists  between  this  water  and  the 
ammonia  impurity  in  the  crude  gas  causes  the  absorption  of  much 
of  the  latter  by  the  former,  producing  what  is,  roughly  speaking, 
a  solution  of  ammonia.  This  again,  by  reason  of  its  affinity  for 
sulphuretted  hydrog"en  and  carbonic  acid,  absorbs  a  proportion 
of  the  g^ases  named,  reducing-  the  amount  of  these  impurities  in 
the  gas,  and  thus  is  produced  the  complex  liquid  designated 
**ammoniacal  liquor." 

The  hydrocarbons  contribute  largely  to  the  illuminatin§f  power 
of  the  gas,   and   it    is  therefore  desirable  to   retain   them  in   the 
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permanently  gaseous  form.  Some  of  them,  especially  such  as  are 
of  the  greatest  density,   are   reduced  to  the  liquid   state   by  the 

I  mere  mechanical  reduction  of  their  temperature  ;  whilst  others 
pf  equal  specific  gravity,  and  many  of  those  of  lower  density, 
undergo  a  chanjje  from  the  g"ascous  to  the  liquid  condition,  by 
reason  of  the  solvent  or  absorbent  action  of  the  liquid  contents 
of  the  hydraulic  main,  through  which,  by  reason  of  the  dip,  they 
have  to  pass  ;  or  with  which,  in  the  absence  of  the  dip,  tht.'y  come 
intimately  in  contact.     The  former  may  be  classed  as  hydrocarbon 

Iirapours,  the  tatter  as  g-aseous  hydrocarbons.  It  is  thus  evident 
Ihat  the  process  of  condensation  bej'-ins  at  the  hydraulic  main,  the 
results  there  produced  materially  affectinij  the  quality  of  the  gas. 
Those  hydrocarbons  thai  are  chanj^ed  to  the  liquid  form  by 
this  slight  diminution  of  temperature,  it  is  probably  impossible 
to  retain  in  the  gas  under  any  circumstances  whatsoever.  With 
the  more  volatile,  though  still  heavy,  hydrocarbons,  the  case  is 
different  ;  the  power  of  retaining  them  in  the  permanently  gaseous 
form  is  within  the  bounds  of  possibility,  and  these  are,  therefore, 

I  of  the  greatest  interest  to  the  gas  manufacturer. 
A  further  class  of  hydrocarbons  are  not   liquefied  at  all  under 
ordinary    conditions,    and    there   should    never   be   any    difficulty 
experienced  in  keeping  them  in  the  gaseous  state. 
The  retention  in  the  gas  of  the  second  class  of  hydrocarbons 
—viz.,  those  which,  though  of  high  specific  gravity,   it   is  prac- 
ticable to  retain  in  the  gaseous  state  -and  how  this  is  most  likely 
I  to  be  accomplished,  greatly  concerns  the  gas  maker.      It  has  been 
assumed  that   the    mere    reduction  of   temperature   between    the 
retort  mouth  and  the  hydraulic  main  will  not  affect  their  gaseous 
condition,      llnder  what  other  circumstances,  then,  are  they  con- 
densed in  the  hydraulic  main,  and  in  the  subsequent  mains  leading 
■  to  the  condenser.^     The  answer  is  clear,  and  ts  what  has  been 
H  already  indicated — viz.,  by  the  affinity  which  exists  between  them 
H  and  the  already  liquefied  hydrocarbons  present  in  the  mains. 
H        The  cooling  of  the  gas  gradually  is  a  provision  the  wisdom  of 
™    which  is  unquestionable,  and  the  plan  of  causing  it  to  make  the 
circuit  of  the  retort  house  in  pipes  is  probably  the  best  method  of 
accomplishing  this;  but  the  deposited  tar  in  the  hydraulic  main 
*ind  in  the  foul  main  at  the  point,  as  near  as  can  be  ascertained, 
when  its  temperature  has   fallen  to  about   i  lo    or  !oo    Fahr, — 
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the  temperature  at  which  its  absorbent  powers  come  into  most 
active  operation — should  be  drained  away  direct  to  the  tar  well 
by  its  own  separate  conductor. 

The  chief  advantages  believed  to  accrue  from  leng-thened 
contact  of  the  gas  with  the  tar  are,  first,  the  absorption  by  the 
latter  of  naphthalene  that  would  otherwise  be  carried  forward  to 
be  deposited,  by  reason  of  the  decrease  in  temperature  and  other 
causes,  in  the  mains  on  the  works,  and  even  in  the  street  mains, 
service  pipes,  and  the  internal  fittings  on  the  premises  of  con- 
sumers ;  andf  secondly,  the  absorption  also  of  a  considerable 
portion  of  the  obnoxious  sulphur  and   other  compounds. 

These  advantages  will  not  be  forfeited  by  the  direct  removal 
of  the  bulk  of  the  tar,  because  sufficient  light  tar  will  be  left  in  the 
circuitous  gas  main  to  absorb  any  excess  of  naphthalene  vapour 
present,  and  even  to  assimilate  a  portion  of  the  sulphur  and  other 
impurities.  Besides  this,  as  the  general  elTect  will  be  to  leave  a 
larger  proportion  of  the  gaseous  hydrocarbons  in  the  gas,  these, 
by  virtue  of  the  power  which  they  possess  in  common  with  the 
liquid  hydrocarbons,  of  assimilating — and,  in  this  special  case,  of 
suspending — other  hydrocarbons,  will  necessarily  assist  in  retain- 
ing in  the  permanent  form  a  portion  of  the  naphthalene  that  would, 
in  presence  of  the  greater  bulk  of  tar,  have  been  liquefied  and 
deposited.  By  a  similar  train  of  reasoning,  the  fact  of  the  inferior 
quality  of  the  tar  produced  from  the  richer  cannels,  as  compared 
with  that  from  coal,  may  be  explained. 

In  dealing  with  this  subject,  it  has  been  assumed  by  some  that 
no  absorbent  action  is  likely  to  result  so  long  as  the  tar  with 
which  the  gas  is  in  contact  is  at  a  temperature  of  about  loo 
Fahr.,  and  above;  and  that,  therefore,  the  dip  in  the  hydraulic 
main  causes  no  diminution  in  the  amount  of  hydrocarbon  ga5;es 
present.  It  has  even  been  assumed  that  the  tar  in  the  main  gives 
off  a  proportion  of  hydrocarbon  vapour»  and  in  this  way  increases 
the  illuminating  power  of  the  gas.  On  reflection,  however,  it  will 
be  plain  that  this  argument  is  altogether  untenable,  for  it  is 
scarcely  possible  to  conceive  that  hydrocarbons  which  have 
already  been  liquefied  at  a  high  temperature,  can  again,  at  a 
lower  temperature,  assume  the  gaseous  or  vaporous  form.  There 
can  be  no  doubt  that  the  heavy  tars  have  an  absorbent  action,  less 
or  more,  at  all  temperatures,  being  greatest  at  the  lowest  ;  and 


I 
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this  being  so,  the  passage  of  the  £"(13  through  such  lars,  by  reason 
of  the  dip  in  the  hydraulic  main,  must  have  a  prejudicial  effect  upon 
ibe  illuminating  constituents  of  theg^as.  On  the  other  hand,  where 
means  arc  employed  for  removing  the  heavy  tars  from  the  main 
as  rapidly  as  possible  after  they  are  deposited,  the  disadvantages 
of  the  dip  into  the  lighter  liquors  contained  therein  are  reduced 
almost  to  nil.  This  is  especially  true  where  the  arrangements  are 
such  ihat,  by  careful  adjustment,  and  an  adequate  area  at  the 
water  level,  the  dip  is  limited  to  about  J  of  an  inch. 

It  is  desirable  that  the  ends  of  the  dip-pipes  in  the  hydraulic 

main    should    be    sealed    with  

the  ammoniacal  liquor  in  pre- 
ference to  the  tar,  the  latter 
not  only  robbing  the  gas  to 
some  extent  of  its  richest 
illuminating  substances,  but 
offering  greater  resistance  to 
Its  passage.  X^arious  expedi- 
ents toaccomplish  thisend  have 
been  devised  and  are  in  use  in 
well-regulated  gas-works. 

Livesey  and  Tanner's  Dif- 
ferential Tar  and  Liquor  Over- 
flow and  Tar  Screen  is  a  useful 
provision  for  separating  the 
tar  and  liquor  by  means  of  a 
perforated   screen,   preventing 

the  oscillation  of  the  liquor  in  the  main  and  allowing  of  a  mini- 
mum of  seal.  The  arrangement  for  adjusting  the  difference  of 
seal  required  for  drawing  off  the  tar  and  liquor  separately,  according 
to  their  specific  gravities,  is  also  very  ingenious  and  useful. 

The  hydraulic  main,  and  consequently  the  dip  or  seal,  can  be  dis- 
pensed with  altogether  by  employing  a  bridge-pipe  with  a  wing  valve 
in  the  centre  of  the  bridge  (Kig.  43).  This  is  shut  by  means  of  a  rod 
depending  from  the  end  of  the  lever,  during  the  operation  of  drawing 
and  charging,  and  opened  again  when  the  retort  lid  is  closed. 

It  is  well  known  that  the  gas  as  it  ascends  to  the  hydraulic 
main,  after  being  in  contact  with  the  intensely  heated  surface  of 
the  retorts  in  which  it  is  generated  from  the  coal,  is  of  a 
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comparatively  low  temperature.  The  reason  of  this  is  not  apparent 
at  a  cursory  glance. 

At  first  sight  it  would  appear  as  though  the  action  upon  the 
gas  in  a  retort  would  be  similar  lo  the  elTect  upon  air  by  the  ovens 
of  blast-furnaces,  where  a  million  cub.  ft.  are  heated  in  the  space 
of  an  hour  to  633"  Fahr.,  the  melting  point  of  lead.  So  far  from 
this  being  the  case,  the  permanent  gas  at  its  highest  temperature 
does  not  probably  exceed  135  Fahr.,  though  generated  in  a  heat 
usually  reaching  2200  .  The  reason  of  the  difference  in  the  effect 
produced  in  the  two  instances  given,  is  explained  by  the  fact  of  the 
rapid  absorption  of  heat  by  tlie  volatile  constituents  of  the  coal  in 
assuming  the  gaseous  form  ;  this  heat  becoming  latent  in  the  gas, 
as  in  the  case  of  the  formation  of  steam  in  an  open  boiler. 

The  following  is  a  record  of  experiments  made  by  the  writer 
lo  determine  the  temperature  of  the  gas  as  it  issues  from  the 
retort : — 

Experiment  No.  /. 

This  experiment  was  conducted  entirely  under  the  usual  coir 
ditions  of  working. 

Clay  retort,  20  ft.  through,  one  Ii>  a  setting  of  seven. 

Heat»  bright  cherry  red. 

Hole  drilled  in  both  ascension  pipes  3  ft.  above  the  mouthpiece. 

Retort  chrirged  with  4  cwt.  of  cannel. 

Temperature  indicated  on  insertion  of  thermometer  through 
the  hole  on  one  side  of  benchj  193''  Fahr. 

Temperature  indicated  on  insertion  of  thermometer  through 
the  hole  on  the  other  side,  510'  Fahr. 

The  temperatures  indicated  were  clearly  not  those  of  the  gas. 
In  attaining  the  higher  temperature  especially»  the  mercury  rose 
by  starts  at  the  rate  of  3'  to  5°  at  once,  evidently  caused  by  hot 
particles  of  solid  carbon,  or  other  solid  or  semi-fluid  substances, 
coming  suddenly  in  contact  w^ith  the  bulb  of  the  thermometer. 

The  remarkable  difference  in  the  temperature  of  the  two  sides 
is  accounted  for  in  this  way.  On  the  side  in  which  193"  was 
indicated  the  dip-pipe  was  probably  sealed  to  a  greater  depth  in 
the  hydraulic  main,  and  consequently  the  flow  of  gas  was  neither 
as  abundant  nor  as  rapid  on  that  side  as  on  the  other.  This  was 
evidenced   by  the  thermometer  on  withdrawal   being  found   less 


less     j 
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thickly  coated  with  tar  than  in  the  other  case.  The  gas  was  in  a 
more  quiescent  state,  and  therefore  there  was  not  the  same  rush 
of  hot  semi-solid  particles  ag^ainst  the  biilb  to  raise  the  tempera- 
ture abnormally. 

It  may  be  noted  incidentally  here,  that  indications  of  tempera- 
ture thus  obtained  would  prove  wliclher  the  ascension  pipes  at 
the  two  ends  of  a  through  retort  were  each  taking  their  due  share 
of  the  gas  being  produced. 


I 

I 
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Expenmcnl  No.  2. 

The  conditions  were  the  same  as  in  the  previous  instance  ;  but 
instead  of  inserting  the  thermometer  directly  through  the  hole  in 
the  ascension  pipe,  the  end  of  a  piece  of  indiii-rubber  tube,  12  tn. 
long,  J-in.  bore,  was  pressed  against  the  orifice,  and  the  gas 
allowed  to  flow  in  a  stream  through  the  lube.  The  object  of 
employing  the  lube  was  to  obviate,  if  possible,  the  contact  of  the 
semi-solid  or  semi-fluid  substances  previously  referred  to. 

The  result  was  :  Temperature  indicated  on  one  side  250', 
ditto  on  the  other  side  3^4  . 

The  rise  of  the  mercury  was  still  somewhat  irregular,  and  the 
instrument,  so  much  as  was  inserted,  was  again  thickly  coated 
with  tar. 

Experiment  JVo*  j. 

One  end  of  the  through  retort  was  now  bricked  up,  being  made 
perfectly  gas-tight,  the  gas  passing  away  by  one  only  of  the 
ascension  pipes  ;  in  point  of  fact,  the  retort  was  made  single 
instead  of  through. 

In  a  short  doubie-flanged  piece  of  the  ascension  pipe,  within 
8  in.  of  the  top  of  the  mouthpiece,  were  inserted  six  layers  of 
iron  wire  netting,  cut  into  discs,  accurately  fitting  the  bore 
of  the  pipe.  Three  of  these  discs  had  meshes  |,  and  the  other 
three  ^\  of  an  inch  gauge  ;  and  the  discs  were  kept  |  of  an  inch 
apart  by  sheet-iron  rings  inserted  edgeways  into  the  pipe. 

The  charge,  2  cwt.  of  canncl,  thrown  into  the  retort,  happened 
to  be  taken  from  a  heap  that  had  been  exposed  to  the  rain,  and 
there  was  considerable  moisture  present. 

The  hole  through  which  the  thermometer  was  inserted,  as  in 
the  previous  experiments,  was  3  ft.  above  the  mouthpiece. 
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The  following  were  the 

temperatures 

indicated 

: — 

T 

mc. 

TcniperaUirc. 

Timi;. 

Tt-mpcralurc, 

h         lo  minutes 

200° 

Fahr. 

SS  minutes   . 

177'  Fahr. 

1     's 

.98' 

60 

»74'      .> 

■     20 

»95" 

65 

172-            M 

1     ''' 

192" 

90 

160       ., 

■    30 

190' 

105 

'58^            M 

■    35 

188' 

120 

'50             M 

I     40 

.84- 

»30 

»5o"      ., 

I     45 

182^ 

140 

148^      M 

1     50 

'79* 

'50 

i42'      .3 

Throug:h  all  the  higher  temperatures,  down  to  172'',  steam  was 
condensed  into  drops  upon  a  piece  of  paper  held  in  the  stream  of 
gas  issuing  from  the  hole.  Tar,  thovigh  not  entirely  absent,  was 
nearly  so,  the  instrument  on  each  withdrawal  being  but  slightly 
coated.  The  temperature,  with  but  few  exceptions,  rose  with 
great  regularity  from  that  of  llie  atmosphere  of  the  retort  house 
(74')  to  the  rates  observed,  showing  that  the  sL-rni-solid  particles, 
which  were  evidently  the  cause  of  the  high  temperatures  previously 
indicated,  had  been  nearly  all  arrested  by  the  wire  netting. 

The  higher  tempcrnUires.  we  are  of  opinion,  were  due  to  the 
presence  of  steam  in  the  gas  in  varying  proportions,  and  this 
latter  would  be  caused  by  the  moisture  in  the  coal. 


Experhncni  No.  4. 

The  retort  was  again  charged,  this  time  with  2  cwl.  of  cannel 
in  a  drier  state.     All  the  other  conditions  were  as  in  the 
trial. 

The  following  were  the  results  obtained  : — 


4 


T 

inc. 

Tcmpcraluie. 

Time. 

Temperatiire. 

^^          2  minutes   . 

158' 

Fahr. 

>3 

hours 

129'  Fahr. 

■     7 

>74'' 

J 

1^3"           M 

m    12 

177' 

2; 

122"      ». 

■        '7 

172" 

2 

2j 

■19"      .. 

■           32 

<7'" 

1 18'     „ 

m    27 

169' 

3 

116^     „ 

■        3> 

168' 

3i 

'13"      M 

■        75 

141- 

3i 

mo"     „ 

■         ^ 

•     134 

M 

A 

•evious 
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During  the  first  half-hour  of  the  charge,  the  presence  of  steam, 
mixed  with  the  issuing  gas,  was  indicated  as  before,  bul  less 
abundantly,  though  still,  doubtless,  affecting  the  results  obtained. 
When  the  temperature  of  the  gas  within  3  ft.  of  the  mouthpiece 
was  at  174%  it  stood  at  132    in  the  bridge-pipe,  14  ft.  higher  up. 


Temperature  of  the  Gas  in  the  Iiridge-Pipi\  1 4  feet  from  the 
Retort  Mouthpiece, 

Experiment.  2-cwi.  Charges.  Temperature  of  the  (ios. 

No.  I  .     retort  charged  1  hour         .     135°  Fahr. 

fi     2         .         .         ,.  M       3  hours       .     m6'     ,, 

M     3         •         -         t»  1.       4i    tt  -     119"     ., 

It  may  be  suggested  that  the  effect  of  passing  the  gas  through 
the  wire  netting  would  be  to  lower  its  temperature,  just  as 
the  wire  gauze  on  a  Davy  lamp  reduces  the  temperature  of  the 
flame  impinging  against  it.  The  conditions  of  the  two  cases, 
however,  are  entirely  different.  The  meshes  were  sufficiently 
large  to  admit  of  an  easy  passage  for  the  gas,  and  the  metal 
would  be  immediately  covered  with  a  thick  coating  of  tar,  virtu- 
ally producing  insulation.  In  addition  to  that,  the  temperature 
within  6  in.  of  the  front  of  the  bench  was  2o#i'  ;  and  the  metal  of 
the  ascension  pipe,  as  well  as  the  inserted  wire  netting,  wouId» 
as  a  rule,  be  above  the  temperature  of  the  gas.  The  results  of 
these  researches  will  be  found  to  confirm,  in  a  remarkable  manner, 
the  deductions  of  earlier  investigators.* 

'  Mr.  J.  T.  Shcard  diHcrs  fmin  the  cundusionH  allempled  to  be  drawn  from  the 
expcriinenis  recounted  abuve,  and  hi!>  opinion  carrie:i  weight  with  the  writer.  In  a 
a>mtnunicatinn,  he  says- 
Coal  must  Ik*  raiftcfl  to  6cx>"  Kahr.  before  any  volatile  matters  whatever  are  given  off, 
and  to-called  permanent  gases  are  not  formed  until  a  teinpernture  of  aloul  i  loo**  Fahr. 
is  attained.  \Viihoul  being  able  to  dogmatize,  it  is  safe  to  assume  that  heavy  hydro- 
cutxins — volatile  at  (he  temperature  of  the  retort,  but  li(iui(l,  or  even  solid.  Al  almo.s- 
pheric  temperatures— are  first  formed,  whirh,  wilh  more  heat,  are  gradually  broken 
lip  into  lighter  conipound.'i  of  le»&  complex  cumposition  ;  permanent  simple  gases  being 
ibe  ultimate  produci^.  \Vith  the  fir^l  cla.ss  of  substances  the  action  is  similar  in  effect 
lo  the  melting  of  ice  into  water,  and  its  conversion  into  steam  when  Mifhcient  heat  is 
applied.  A  great  portion  of  the  total  heat  supplied  becomes  latent  in  ihe  steam, 
hit  the  steam  ix  ri'oivccl  at  the  hotlim^  temperature,  212'  Fahr.  at  teast ;  that  is.  it  has 
itself  acquired  the  lemperature  at  which  it  was  formed.  So  the  hydrocarbon  vapours 
furmed  at  600'  Kahi.  ut  looo"  Kahr.  must,  at  the  instant  uf  liWration,  be  themselves  of 


Retort  House  Tools  and  Appiiances, 

by  hiind,  the  shovel  or  ihe  scoop  is  used. 


For  charging:  retorts 


the  limpcraturc  at  which  they  were  evolved  from  ;hc  coal  nr  semi-liquid  intermediate 
priwlucl  rpim  which  ihey  were  forme*!. 

Vniir  canlentitm,  I  lake  it,  however,  is  thai  the  pLTmonent  gases  are  in  a  different 
category  Iwcausc  of  thrir  prcalcr  latent  heal,  and  the  fact  that  they  are  naturally 
gasetms  at  a  much  luwer  temperature  than  that  at  which  they  are  fonned  in  the 
retort.  It  &eems  impusbible  to  put  (he  mailer  directly  to  the  test,  but  I  cannot  con- 
ceive how  a  particle  of  gas,  formed,  say,  within  a  ma.ss  of  hydrocarbon  \-apour,  can 
be  liberatetl  at  a  temperature  much  lower  than  that  of  the  atmrwphere  in  which  it  is 
created.  In  default  of  proving  ihe  poinl  in  a  direct  maimer,  I  have  tciitcd  it 
indirectly  hy  inquiring  whether,  assuming  the  gas  to  be  lilvrated  at  the  higher 
lemperature,  the  known  laws  of  cooling  are  sufficient  to  acct.)unt  for  the  great  loss  of 
ht-at  which  you  oliservcd  immediately  after  the  gas  had  left  the  hot  retort. 

The  temperature  of  the  gas  in  the  ascension  pipe,  3  ft.  from  the  mouthpiece,  wa.s 
fimnd  to  Jk'  174'  Kahr.,  wliilc  in  the  bridge-pipe,  14  ft.  higher  up,  it  was  132"  Fahr. 

I  assume  that  the  rctnrt  was  yielding  gas  at  the  rate  nf  6000  cub.  ft.  per  day,  or, 
say,  9  lbs.  of  gas  and  9  lbs.  of  tar  and  liqugr=  tS  lbs.  total  weight  of  gaso  and  vapours 
cvolvetl  per  hour.  I  take  the  specific  heat  of  the  gas  at  22,  and  of  tar  and  liquor 
vapours  at  '6,  or  a  mean  of  1  '6.  /\s5uming  the  temperature  nf  the  gas  as  it  leaves  the 
retort  to  lie  lOOo''  F.ihr.,'  while  at  3  ft.  at»ove  the  muuthpiece  it  was  found  to  beonly 
174'  Fahr.,  then  the  heni  dissipated  between  those  points  in  one  hour  is  as  follows: — 
18  lbs.  X  1-6  sp.  heat  «  (tooo^-  1 74') -23, 790  units. 

The  temperature  of  the  air  surrounding  the  pipe  I  take  at  208^  Kahr.  Probably  it 
would  fpc  much  lower,  as  that  was  the  temperature  found  within  6  in.  of  the  fronl  of 
the  setting.     Therefore  the  difference  to  be  dissipated  is— 

Mean  temperature  of  gas  to  be  cooled,  '0°°+ '74._^gy^  _  208"  =  379"  Fahr. 

2 
By  Webber's  formula  {Journai  of  Gas  Lightings  Vol.  XXXII.  p.  14),  the  heat  lost 

by  radiation  and  contact  is — 

+  379 +  2]=  2250 

Total  heat  actually  lost  as 


C7S83X379x6-5]+|^(-42i  +  '^Z^ 


=  loj  sq.  ft.     In  the 


5 

units  of  heat  per  square  foot  of  exposed  surface  per  hour. 

above,    23,790   units.     Calculated    surface   required  =    3^790 

3250 

mouthpiece  21  in.  hy  15  in.  by  15  in.  there  is  say,  6^  sq.  ft.     In  3  ft.  of  6-in.  pipe  (here 

is  4^  Sf|.  ft.     Total,  1 1  sq.  ft.,  or  more  than  sufficient  cnnlii^  surfiice  to  produce  the 

observed  result. 

Calculating  in  a  similar  manner  fnr  the  difference  l>etween  the  teniperalure  at 

3  ft.  from  mouthpiece  174%  and  that  in  the  bridge-pi]M*  132    Kahr.,  I  find  there  U 

similar  accord    lietween    Iheorj'  and    practice,    calculation   and    ol>scr%ation,    which 

appears   to  give  funhcr  ground   for   accepting  the  assumption  started   with  as  n 

correct  one. 


*  The  temperature  within  the  mass  of  coal,  3  ft.  from  the  mouthpiece  and  one  hour 
after  charging,  has  been  found  to  t>e  about  1 150'  Fahr. 


0A8   ENGINEERS   AND    MANAGERS. 


«7 


Shovels  with  riveted  handles  are  not  g'ood  in  or  about  a  retort 
house.     The  heat  soon  causes  the  wood  to  dry  in,  and  the  rivets 


Kir.,  46. 


A 

Fiti.  49. 


■  Fig.  44.  Fm.  45.  Fic.  47.  Fir..  48. 

give  way  and  become  jagged,  lacerating  the  hands  of  the  men  who 
use  them.     Socketed  handles  are  the  best. 

A  good  handy-sized  shovel  for  charging  retorts  of  the  ordinary 


Fig.  50. 
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sjze  is  one  i6  in.  long  by  ri  in.  wide.  Firing  shovels  (for  coke) 
are  best  made  an  inch  wider.  IJoth  should  be  well  turned  up  at 
the  sides. 

The  scoop  (Kig;.  44)  is  a  semicircular  trough  of  sheet-iron  or 
steel,  the  length  of  half  the  through  retort,  and  of  capacity  10 
contain  about  i  .1  or  rj  cwt.  of  coal.  It  is  inserted  twice  into  the 
retort  at  each  end.  Six  men  arc  required  To  charge  a  through 
retort  with  the  scoop  —  i.e.  three  at  each  mouthpiece.  The 
method  of  using  it  is  as  follows:  On  its  being  filled  with  coal 
one  man  takes  hold  of  the  handle  at  the  end,  raises  it  slightly, 
the  "horse"  (as  it  is  called)  is  placed  underneath  by  a  second 
man,  and  a  third  grasps  the  opposite  side.  The  three  then  raise 
the  scoop  and  insert  its  end  into  the  retort  mouth,  whereupon 
the  **  horse"  is  released,  and  thi'  man  having  hold  of  the  handle 
pushes  the  scoop  with  Its  charge  right  into  the  retort,  turns  it 
round,  and  withdraws  it,  leaving  the  charge  inside.  This  opera- 
tion is  repeated  a  second  time  ;  the  scoop  on  the  first  insertion 
being  turned  to  the  left,  and  on  the  second  to  the  right. 

Other  retort  house  tools  consist  of  the  discharging  rake  (Fig. 
45),  auger  (Fig.  46),  ashpan  rake  (Fig.  47),  shovel  (Fig.  48). 
firctongs  (Fig.  49),  pricker  (Fig.  50),  and  coal  and  coke 
barrows. 
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The  cooling  or  condensing  of  the  crude  gas  is  an  indispensable 
preliminary  lo  its  purification.  Although  the  heavier  tars  are 
deposited  in  the  hydraulic  and  foul  mains  within  the  retort  house, 
there  are  lighter  tars  which  continue  suspended  in  the  gas  in  the 
form  o\'  vapour,  and  are  carried  forward  until  a  reduction  in  the 
temperature  causes  their  deposition. 

Although  it  is  commonly  said^that  **  thorough  condensation  is 
half  the  purification,"  the  degree  of  condensation  to  which  coal 
gas  should  be  subjected  after  leaving  the  retorts,  and  before  enter- 
ing the  purifiers,  has  never  been  determined  with  that  scientific 
accuracy  which  the  importance  of  the  subject  demands. 

With  respect  to  one  point  there  cannot  be  two  opinions — viz. 
the  necessity  of  guarding  against  a  lower  temperature  in  the  gas 
than  ^o'  Fahr,     If  condensation  is  carried  beyuiul  this,  the  lighter 
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hydrocarbons   are   in   danger  of  being    deposited,  and   the  gas 

impoverished. 

The  bad  effects  of  excessive  refrigeration   are  shown  in  the 

following  table,  which  exhibits  the  loss  of  illuminating  property 

in  coal   gas  on  exposure  to  the  temperature   of  freezing  point, 

32*  Kahr.  ;  — 

Hydrocarbons  condenwd  fioin 
Nmnc  of  Gas.  tooo  Cubic  Feet  of  (iiLs  on  Exposure  to  a 

Trm(x:rature  of  32°  Fahr. 

Boghead  cannel    .         .         .         4*42  cubic  feet. 

Ince  Mall 0*37         ., 

Methyl  033         „ 


■ 


rom  which  it  appears  that  the  richest  gas  suffers  the  greatest 
deterioration  on  being  subjected  to  cold. 

Experience  has  sufhciently  proved  that  rapid  or  sudden,  as  well 
as  excessive,  condensation  is  an  evil  to  be  avoided  ;  and  that  to 
^prevent  the  deposition  of  naphthalene  in  ihc  pipes,  and  preserve 
»me  of  the  richer  illuminants,  the  gas  should  be  allowed  to 
i^avel  in  contact  with  the  lighter  tars  until  the  latter  are  re- 
luced  in  temperature  to  about  100  Fahr.  before  separation  takes 
f place. 

With  this  object  in  view,  the  pipe  leading  from  the  hydraulic 
main  may  be  carried  with  a  gradual  inclination  round  the  interior 
of  the  retort  house  or  other  convenient  building,  and  from  thence 
to  the  condenser;  provision,  of  course,  being  made  to  allow  the 
thicker  tar  to  run  off  at  a  point  near  to  the  hydraulic  main.      By 

*this  arrangement  the  gas  is  slowly  reduced  in  temperature,  and 
tome  of  its  most  valuable  light-giving  hydrocarbons,  which  would 
otherwise  be  condensed,  are  retained  within  it  in  the  permanent 
state. 
H  Naphthalene, ^\n  dealing  with  the  subject  of  condensation, 
that  of  the  formation  or  deposition  of  naphthalene  may  be  appro- 
priately discussed.  This  hydrocarbon  when  deposited  in  the  solid 
Slate  in  the  apparatus  and  mains  of  a  gas-works,  and  in  the 
distributing  pipes  in  the  streets,  is  exceedingly  troublesome, 
sometimes  entirely  blocking  the  passage  of  the  gas,  and  entailing 
much  labour  and  expense  in  its  removal. 

It  is  generally  believed  that  the  presence  of  naphthalene  In 
gas  is  due,  principally,  to  the  high  heats  necessarily  used  in  the 
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carbonization  of  (he  coal,  owing  to  the  partial  distillation  of  a 
portion  of  the  tar.  In  the  early  days  of  j^as-lighting,  when  iron 
retorts  were  used  exclusively,  and  the  heats  were  comparatively 
low.  naphthalene  as  now  found  in  the  mains  in  the  solid  state 
was  almost  unknown.  It  was  not  until  clay  retorts  came  to  be 
employed,  and  the  heat  of  carbonization  was  increased,  that 
naphthalene    made    its    appearance. 

It  is  well  known  by  its  flaky  crystalline  structure  and  its 
peculiar  ethereal  odour.  It  is  not  soluble  in  water,  but  easily  so 
in  naphtha  ;  hence  its  removal  is  effected  by  steaming  with  naphtha 
vapour,  or  by  pouring  that  liquid  into  the  obstructed  mains  and 
apparatus. 

Naphthalene  is  deposited  most  freely  from  gas  produced  from 
bituminous  coal.  Some  kinds  of  coal  yield  it  in  greater  abundance 
than  others.  By  using  a  proportion  of  cannel  along  with  the  coal, 
the  gas,  being  enriched,  is  enabled  to  retain  some  or  the  whole  of 
the  naphthalene  in  suspension  within  il  in  the  gaseous  condition. 
The  richer  the  gas,  the  more  capable  it  is  (under  ordinary  condi- 
tions) of  retaining  the  constituents  which  contribute  to  its  enrich- 
ment, and  vici'  vers^. 

In  the  year  1877  M.  Br^mond  published  an  account  of  a  series 
of  valuable  researches  made  by  him  on  the  question  of  the  forma- 
tion of  naphthalene  and  its  deposition,  in  which  he  showed  that  (to 
use  his  own  words)  '*  naphthalene  is  produced  wherever  there  is 
condensation  of  the  aqueous  vapours  contained  in  the  gas  ;  that  its 
deposition  is  preceded  by  the  phenomenon  of  the  condensation  of 
the  water  ;  and  that  gas  absolutely  deprived,  as  far  as  possible,  of 
aquuous  vapour  does  not  deposit  naphthalene  under  the  ordinary 
conditions  of  temperature  and  pressure." 

It  is  clear,  therefore,  that  the  subject  of  condensation  is  one  of 
the  utmost  importance,  if  naphthalene,  or  an  excess  of  it,  is  to  be 
got  rid  of.  But  however  perfect  the  ordinary  condensing  apparatus 
maybe,  it  is  almost  impossible  to  deprive  gas  of  its  aqueous  vapour 
by  this  means.  M.  Bremond  therefore  adopted  other  means  of 
drying  the  gas  ;  and  for  this  purpose  he  employed  an  ordinary  lime 
purifier,  but  instead  of  filling  it  with  staked  or  hydrated  lime,  he 
charged  it  with  unslaked  lime  in  lumps.  By  passing  the  gas 
through  this  unslaked  lime  he  completely  desiccated  the  gas,  with 
the  interesting  result  that  the  aqueous  vapour,  and  consequently 
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excess  of  naphthalene  also,  was  arrested.  The  gas  thus 
deprived  of  Its  moisture  was  found  to  have  increased  in  illuminat- 
ing power  to  a  considerable  extent. 

This  remarkable  result  of  drying^  the  gas  had  previously  been 
observed  by  the  first  London  Gas  Referees.  They  found  that  the 
gas  made  at  Beckton  actually  gained  in  iMuminating  power  in 
traversing  the  long  length  of  mains  from  Beckton  to  London,  and 
they  remark  as  follows  :  **  In  considering  the  satisfactorj'  result 
of  the  novel  and  somewhat  perilous  enterprise,  the  Referees  are 
inclined  to  account  for  it  [the  increase  in  the  illuminating  power] 
mainly  by  the  slow  and  gradual  withdrawal  of  aqueous  vapour 
from  the  gas  in  its  long  journey.  This  condensation  is  very 
different  in  character  from  the  sudden  withdrawal  of  aqueous 
vapour  produced  by  the  application  of  great  cold,  for  it  takes 
place  very  gradually,  so  that  the  water  is  deposited  without  any 
appreciable  portion  of  the  hydrocarbons  being  condensed  along 
with  it.  In  order  to  ascertain  the  effect  of  withdrawing  the 
aqueous  vapour  from  gas,  we  made  several  experiments  by  passing 
the  gas  through  porous  chloride  uf  calcium  ;  the  results  showing 
that  dry  gas  has  a  superiority  in  illuminating  power  over  ordinary 

I  gas  to  the  extent  of  from  6  to  8  per  cent." 
The  experiments  of  M.  Brcmond  are  recounted  to  show  the 
philosophy  underlying  the  facts,  rather  than  for  the  purpose 
of  recommending  his  remedy,  which  would  be  cumbrous  in 
practice. 
^  Various  other  remedies  adopted  have  proved  more  or  less  suc- 
ce!isful.  Mr.  Botley  accomplishes  the  retention  of  naphthalene  by 
carburctling  the  gas  after  the  holders  with  petroleum  oil  in  the 
form  of  mist,  produced  mechanically.  Another  method,  which  has 
proved  efficient,  is  to  vaporize  carburine  by  means  of  steam,  mix- 
ing it  in  the  proportion  of  about  twelve  gallons  of  the  oil  per 
■  inillion  cubic  feet  of  gas  passing  into  the  holders.  These  processes 
are  on  the  lines  indicated  in  the  foregoing  arguments  dealing  with 
the  condensable  and  other  hydrocarbons. 

The  remedy  for  the  objectionable  deposit  of  naphthalene  is  thus 
in  the  gas  maker's  own  hands  to  a  great  extent. 

The    make    of   gas,  as    indicated    by    the    station   meter,  is 
materially    affected    by    the    temperature   at    which    it    is    regis- 
;rcd. 
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A(  the  temperature  of  fto"  Fahr.,  with  the  barometer  at  30  in., 
gas  is  at  its  standard  volume  ;  nnd  as  all  aeriform  bodies  expand 
y»T  4  ^^  their  bulk  at  32"  Fahr,  for  every  additional  degree  of  tem- 
perature, or  about  1  per  cent,  for  5',  it  follows  that  a  quantity  of 
gas,  say  10,000  cub.  ft.,  registered  at  60  ,  would  at  70°  become 
10,203*5,  *^"^  ^^t  ^^°  10,407. 

The  quantity  of  huat  which  will  raise  a  cubic  loot  of  water  one 
degree,  will  raise  2850  cub.  ft.  of  gas  or  atmospheric  air  to  the 
same  extent. 


TABLE. 
Expansion  ok  Air  and  Permanent  Gases  by  Heat, 


Temp, 
KAbr. 


Deg. 

3a 
33 
34 
35 
36 

37 
38 
39 
40 
41 
4a 
43 
44 
45 
46 
47 
48 
49 
50 
5f 


Expansion. 


Tenip. 
Fahr. 


xooo 

1002*035 

1004*070 

1006*105 
1008' 140 
ioio'r75 

10t2'3IO 

1014  345 
ioi6'aSo 
ioi8'3i5 
ioao'350 
loaa'jSc, 
1024*420 
1026-455 

1028 '4  (|0 

1 030 '5a  e; 
103a  "560 

"OJ4  595 
1 036  "630 

1038 '665 


Dos. 
Sa 
53 
54 
55 
56 
57 
S8 
59 
60 
6t 
63 
63 
^ 
65 
66 

67 
68 

69 
70 
7» 


Expansion. 

Temp. 
Fahr. 

D.«. 

1040700 

73 

1042735 

73 

1044770 

74 

1046*805 

75 

1048*840 

76 

1050-875 

77 

1052-910 

78 

"054-94S 

79 

1056-980 

80 

iOS9'0'5 

81 

1061^50 

83 

106308:; 

83 

1065' 1 20 

84 

1067*155 

85 

1069190 

86 

1071-225 

87      1 

1073 -360 

88 

»o7S"295 

89      1 

1^7  ^3P 

1      9'> 

1079-365 

91 

Expanikion. 

rcmii. 
Fahr. 

Dcg. 

Expansion. 

J 

io8:*40o 

93 

iiaa'ioin 

»o83-435 

93 

">4*>3M 

1085-470      1 

94 

iiae-iToS 

1037-505 

95 

1138*305 

to89'540 

96 

1130*340 

1091' S7^ 

97 

1132-275 

1093*610 

98 

1134-310 

1095*645 

99 

1136*345  ^ 

1097*680 

100 

"38-38^ 

1099715 

110 

115873<^ 

1 101750      1 
1103785 

130 

1179-080^ 

130 

1199*430 

1105-820 

140 

1319-780 

1107*855 
1109-890 

»50 
160 

1260*480 

1111-925 

170 

1280*830 

1113*960 

180 

1301-180 

">S*995 
1118*030 

190 

1321*530 

200 

1341*880 

1130065 

312 

1366300 

In  instituting^  a  comparison  between  the  production  per  ton  of 
material  at  different  works,  and  in  testing  the  productive  value  of 
different  coals,  it  is  therefore  necessary  to  take  into  account  the 
temperature  of  the  tjas  at  the  time  of  measurement.  In  ascertain- 
ing the  specific  gravity  of  gas,  and  in  conducting  photometrical 
observations,  the  same  care  should  be  taken  to  note  the  tempera- 
ture at  the  time  and  place  of  making  tlie  experiment. 
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TABLE. 

Ghnrtff  the  Mean  Tcmpcmiure  {Fahr.)  of  every  Tenlh  Day  in  (he 
Vear  in  the  Cen(ml  Distriet  of  England .     (Box,) 


1       Mcmch. 

ISt. 

■  tfh 

31  »l. 

Month. 

in. 

ixih. 

aisl. 

f 

Des. 

Ucff. 

Deg. 

Uraiu-y     . 

1&S 

^V6 

37« 

July       . 

61 -a 

bi  s 

63*0 

febniarx-  . 

37  a 

37*5 

38-5   1 

August 

&a-5 

617 

6o'6 

Ilarch 

40-1 

41 -o 

41-9   ' 

St?plenil«cr 

.->«•» 

57*4 

55*5 

fnl          .          .          , 

43-6 

450 

•*7'S   , 

OcioIxT 

53-5 
46-4 

5»'4 

49*0 

Kty          .        .        . 

500 

5»*3 

53*8    1 

No»cnilK?r 

440 

42-0 

k 

56-4 

575 

59'8   t 

December 

4»7 

40a 

384 

Condensers. — The  Atmospherical  Horizontal  Condenser  {V^g^ 
ii)  is  one  of  the  earliest  forms  of  the  apparatus,     lis  efficiency  has 


Vic.  51, 

not  been  generally  recog-nized,  owirg  to  ihe  want  of  a  correct 
appreciation  of  the  conditions  on  which  the  condensation  of  coa! 
gas  oujjht  to  be  conducted,  and  this  has  led  to  its  being-  jjenerally 
discarded  in  favour  of  the  vertical  form. 

The  earlier  method  of  construction  was  to  6x  tt   against  the 
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outside  of  the  wall  of  retort  house  or  other  convenient  building; 
the  several  pipes  rising  with  a  sh'ght  inclination  one  above  the 
other  to  allow  of  the  flow  of  the  condensed  products,  their  ends 
being  connected  by  ^-shaped  bends. 

Graham's  condenser  (Fig-.  52)  is  an  improvement  on  this.  It 
consists  of  a  series  of  pipes  arranged  in  pairs  side  by  side  and 
supported  on  framework,  the  end  of  each  length  being  joined  to 
that  of  the  next.  From  the  inlet  at  the  top,  through  the  entire 
run  of  the  condenser  to  the  outlet  at  the  bottom,  there  is  a  gradual 
inclination,  so  that  it  is  simply  a  flat  screw  or  spiral,  such  as 
might  be  represented  by  winding  a  length  of  soft  wire  round  a 
piece  of  board,   in  which  case  the  two  ends   of  the    wire    would 


Fir..  52, 


answer  to  the  inlet  and  outlet  of  the  condenser.  Blank  flanges  are 
bolted  on  the  end  of  each  lengtli  for  convenience  in  cleansing. 

In  this  arrangement  there  is  a  recogfiition  of  the  fact  that 
length  rather  than  hvighl  is  the  desideratum  in  an  atmospherical 
condenser.  In  the  ordinary  vertical  form  of  the  apparatus,  the 
cooling  effect  of  the  air  on  the  surface  of  the  upper  parts  of 
the  pipes  is  almost  nil.  This  will  be  obvious  when  it  is  con- 
sidered that  the  air  contiguous  to  the  lower  part  of  the  condenser, 
being  assimilated  to  the  temperature  of  the  latter,  expands, 
and  so,  becoming  lighter  than  the  surrounding  air,  ascends  in 
contact  with  the  pipes,  extracting  less  heat  in  proportion  as  it 
rises. 

In  addition  to  the  other  advantages,  the  ammoniacal  liquor  on 
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teaving-  the  horizontal  condenser  is  of  a  strength  equal  to  5' 
Twaddel — a  result  which  it  is  impossible  to  obtain  from  the 
ordinary  vertical  form. 

The  ordinary  atmospherical  condenser  (Fig.  53)  consists  of  a 
series  of  pipes,  usually   18  ft. 


=*ix.ili  (If^ 


'ongi    put    together    in    two 

lengths,  and  placed  upright, 
^through  which  the  gas  passes 
^Bip  and  down  alternately. 
^^phese  enter  a  rectangular 
^Msistern    at   bottom,    in   which 

the    condensed    vapours    are 

•fdeposited,  and  from  whence 
they  flow  to  the  tar  well. 
At  the  top  is  another  cistern, 
containing  water  to  seal  the 
movable  hoods  covering  each 
pair  of  pipes,  and  for  further 
refrigeration,  should  such  be 
required,  in  warm  or  sunny  weather,  small  streams  being  made  to 
trickle  down  the  exterior  surface  of  the  pipes. 

I  The  annular  condenser  is  considered  to  be  an   improvement  on 
IflUKlflVnttr'^I^ — ICl  .      the  foregoing.     In  Kirkham*s 


^ 


flG.  54« 


condenser,  as  improved  by 
Wright  (Fig.  54),  the  pipes 
are  placed  in  the  vertical 
position^  and  are  of  large 
diameter,  each  one  enclosing 
a  smaller  pipe  ;  the  two  form- 
ing an  annular  space  through 
which  the  gas  is  made  to 
flow.  Other  pipes,  placed 
diagonally,  connect  the  lop 
and  bottom  of  the  condensing 
columns  alternately.  By  this 
arrangement  the  gas  passes 
through    the    annular    space 


always  in  the  downward  direction,  whilst  the  current  of  air  moves 
Upward  through  the  interior  ventilating  pipe.     In  cold   weather 
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movable  covers  are  placed  over  the  latter,  or  butterfly  valves  are 
fixed  at  the  foot,  for  closing*,  to  regulate  the  air  draught,  which 
might  otherwise  reduce  the  temperature  of  the  gas  below  the 
desired  standard.  A  smull  pipe  is  connected  to  the  bottom  of 
each  column  to  carry  away  the  deposited  tar  and  water  into 
a  main  laid  alongside  the  condenser  and  leading  into  the  tar 
well. 

Instead  of  the  diagonal  pipe,  extending  from  the  top  to  the 
bottom  of  each  column  alternately,  Mr.  Warner  has  inserted 
a  mid-feather,  or  partition,  within  the  annular  chamber.  This 
reaches  to  wUhfn  a  short  distance  of  the  top  and  bottom,  the  space 
at  tixe  lower  end  being  sealed  by  the  deposited  fluids,  and  a  short 
connecting  piece  joins  the  several  columns  at  the  base.  By  this 
modification  a  free  passage  is  obtained  from  end  to  end  for 
the  condensed  fluids,  and  the  separate  tar  main  is  dispensed 
with. 

Cleland's  slow-speed  condenser  consists  of  a  series  of  vertical 
pipes,  connected  together  at  the  top  by  a  tubular  cornice  or  cap, 
which  serves  as  the  common  inlet  to  the  whole  series.  The 
stream  of  gas,  being  thus  divided  tqually  amongst  the  several 
columns,  travels  through  tliuni  in  a  doxvnward  direction  and  at  a 
comparatively  slow  speed. 

In  the  lower  part  of  each  column,  to  about  a  fifth  part  of  its 
length,  is  inserted  a  *' bottle  brush"  of  wood  or  other  material, 
with  a  drip-ledge  above  it  to  divert  the  descending  liquor  on  to 
the  centre  of  the  brush,  which  has  the  effect  of  converting  the 
apparatus,  to  that  extent,  into  a  scrubber. 

The  general  residt  is  superior  efliciency  in  condensing  and  the 
yield  of  a  high  strength  of  liquor. 

An  excellent  apparatus  (atmospherical)  is  that  known  as  the 
battery  condenser  (Fig,  55).  This  is  an  oblong  vessel,  12  to 
24  in.  wide,  1 .2  to  18  ft.  in  height,  and  of  length  suitable 
to  the  requirements  of  the  works.  It  is  divided  by  internal 
plates  or  mid-feathers,  placed  at  distances,  equal  to  the  width, 
apart,  extending  to  within  a  few  inches  of  the  top  and 
bottom  of  the  chest  alternately  ;  and  the  gas  passes  from  the 
inlet,  up  and  down  each  division,  till  it  arrives  at  the  out- 
let. To  augment  its  condensing  power,  small  tubes,  2  in.  in 
diameter,  through  which  the  air  has  free  circulation,  are  passed 
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through  from  side  to  side  of  the  vessel,  and  there  securely 
jointed.  These  transverse  tubes  serve  the  double  purpose  of 
cooling-  the  gas  and,  by  breaking  it  up  and  retarding  its  pro- 
gress, Inducing  a  natural  settlement  of  the  heavy  condensable 
vapours. 

It  maybe  taken  as  a  general  rule  that  about  lo  superficial  ft.  of 
atmospherical  condensing  surface  for  each  rooo  cub.  ft.  maximum 
jfas  production  per  day  of  24  hours  shtnild  bp  provided.  This 
includes  the  length  of  foul  main  exlcndinij  from  ihc  hydraulic  main. 
Moreover,  the  condenser  should  be  protected  from  the  direct  action 
of  the  sun's  rays  ;  or,  otherwise,  water  should  be  made  to  trickle 
down  the  outer  surface  of  the  pipes  during  sunshine. 

Sir  G.  Livesey,  in  some  of  his  condensing  arrangements, 
.adopts  the  plan  of  placing  the  condensing  pipes  in  a  lank  divided 
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into  channels,  through  which  water  is  made  lo  (low,  and  which 
can  be  regulated  according  to  the  make  of  gas.  The  water 
enters  the  tank  at  the  point  where  the  condensed  gas  makes  its 
exit,  and,  Howing  in  the  opposite  direction  to  the  gas  in  the 
pipes,  is  gradually  raised  in  temperature  by  the  latter  till  it  reaches 
its  outlet,  where  the  crude  gas  enters.  Thus  a  more  uniform 
condensation  is  obtained  than  is  possible  in  the  atmosphere. 

In  this  connection  the  following  table  by  Heclet,  showing  the 
relative  effects  of  water  and  air  as  cooling  agents,  is  interesting 
and  useful. 
7 


KxcetkS  of  Tcnipt-raliirc 

in  the  Ga.s 
over  the  Atmosphere. 

For  an  excess  of  lo' 
20 


When  plunged 
in  Walcr. 


(Juanlity  of  Htxt  lost  liy  a  Square  I 'nit 
of  Kxiertur  l*i|)e  Surface. 

When  rnOliiling 
in  Air. 

8         .         .  88 

18         .         .  a66 

30°      •         •  •         29         •         •  5i353 

M  11  40       .  .  .  40         .  .  8,944 

50°      .         .         .         53         -         •  »3»437 

Water  is  thus  shown  to  be  the  superior  coolings  ajjent,  re- 
quiring Ihe  exposure  of  much  less  radiritintj  surface  than  air  ;  but, 
for  the  reasons  alre.idy  adduced,  the  temperature  of  the  water 
must  be  reg^ulated  in  order  to  avoid  any  sudden  condensation. 

An  apparatus  that  is  being  rather  widely  adopted  is  the  com- 
bined atmospherical  and  water  condenser.  This  is  made  in 
different  forms,  tlie  principle  of  each  beings  the  same.  It  is  con- 
structed either  of  ordinary  pipes  having  small  tubes  passing 
through  their  interior,  or  of  cylindrical  or  square  chambers  fdled 
with  such  tubes^  and  placed  either  horizontally  or  vertically,  the 
latter  by  preference.  Through  the  lubes  a  stream  of  water  is 
made  lo  l^ow  in  the  opposite  direction  lo  that  of  the  ga«  which 
surrounds  them,  so  that  by  the  time  the  water  reaches  the  inlet  of 
the  condenser  it  has,  by  absorbing  the  heat  of  the  gas,  attained  a 
comparatively  high  temperature^  ^nd  thus  any  sudden  cooling  of 
the  gas  at  the  entrance  is  avoided.  The  ease  with  which  the 
cooling  power  of  the  apparatus  can  be  varied  and  controlled,  by 
increasing  or  diminishing  the  flow  of  the  water,  is  a  strong  recom- 
mendation in  its  favour.  ^ 

The  underground  condenser  is  so  called  because  the  pipes  are 
placed  in  the  ground  out  of  reach  of  the  fluctuations  of  temperature 
in  the  atmosphere,  with  a  view  to  obtaining  uniformity  of  action 
in  the  process  of  condensation.  By  this  system^  however,  a  much 
longer  length  of  piping  is  required  than  by  any  other,  owing  to 
the  small  amount  of  radiation  from  the  surface  of  the  buried  pipes. 

There  is  an  advantage  in  this  process  of  gradual  condensation  ; 
but  it  is  advisable,  wherever  in  use,  to  supplement  it  by  finally 
passing  the  gas  through  one  of  the  other  forms  of  condensers 
having  less  than  the  usual  area. 

In  some  works  condensation  is  effected  by  means  of  dry 
scrubbers — cast-iron  vessels  of  large  diameter — charged  with  coke, 
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drain  tiles,  or  other  material,  breaking  up  the  gns  inio  minute 
streams,  which,  being  thus  cooled,  deposits  its  tar  and  water.  A 
natural  settlement  of  the  condensable  malter  also  takes  place, 
irrespective  of  the  action  of  the  contained  material,  owin|j  to  the 
velocity  of  the  flow  of  the  gas  being  reduced  on  entering  the  larger 
area.  The  rapid  fouling  of  these  vessels,  however,  necessitating 
frequent  changing  of  the  filling  material  to  prevent  undue  back  pres- 
sure and  maintain  their  efficiency,  renders  their  use  objectionable. 
Precipitating  chambers  of  large  size  are  also  employed,  without 
any  filling  material,  in  which  the  gas  sleeps,  as  it  were,  and 
deposits  its  condensable  particles.  The  large  volume  of  gas  also 
serves  as  a  cushion  to  counteract  pulsatory  action  between  the 
exhauster  and  the  retorts.  But  it  is  a  dangerous  piece  of  appar- 
atus, and  we  do  not  recommend  its  adoption.  On  a  works 
being  restarted  after  being  temporarily  shut  down  from  any 
cause,  the  mains  and  this  large  chamber  arc  liable  to  become 
charged  with  an  explosive  mixture  of  air  and  gas  ;  and  in  the 
event  of  any  of  the  dip-pipes  in  the  hydraulic  being  unsealed,  the 
mixture  is  likely  to  be  fired,  with  the  inevitable  explosion  as  the 
result.  A  recent  serious  accident  at  a  gas-works  was  due  to  this 
cause. 

The  principle  of  Pelouze  and  Audouin's  condenser  differs  from 
that  of  any  of  the  other  apparatus  described.  In  construclion  il 
consists  of  an  outer  cylindrical  cast-iron  chamber,  with  the  usual 
inlet  for  gas,  and  outlets  for  gas  and  liquids,  and  contains  a 
cylinder  of  perforated  sheet-iron  constituting  the  condenser.  The 
sides  of  the  condensing  chamber  are  two  thin  sheets  of  iron  with 
a  concentric  space  between.  The  inner  sheet  is  perforated  with 
holes  }q  of  an  inch  in  diameter,  and  the  outer  with  slots  of 
large  size  ;  the  outer  sheet  being  so  arranged  as  to  offer  a  blank 
surface  opposite  the  small  holes  tn  the  inner  sheet.  The  gas  and 
condensable  vapours  pass  through  the  small  perforations,  the 
vapours  being  as  it  were  wire-drawn,  and  striking  against  the 
opposite  solid  surface  are  deposited  thereon,  and  flow  down  into 
the  receptacle  below,  and  thence  to  the  tar  well.  The  gas  passes 
on  through  the  slots  in  the  outer  cylinder  to  the  outlet  pipe. 

The  condensing  cylinder  is  so  balanced  as  to  rise  and  fall  in  an 
annular  space  containing  tar  or  liquor  which  acts  as  a  seal.  As 
the  make  of  gas  increases  or  decreases,  the  cylinder  rises  or  falls. 
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and  consequently  a  larg^er  or  less  number  of  opening's  are  un- 
covered for  the  pussay^f  of  the  gas.  The  result  is  a  more  complete 
separation  of  Uie  lar  from  the  gas  than  is  attainable  by  any  other 
form  of  condenser. 

It  has  been  attempted,  though  with  doubtful  success,  to  con- 
dense and  carburet  ihc  g"as  at  one  and  the  same  time.  The 
Aitken  and  Young-  analyzer,  and  the  St.  John  and  Rockwell 
apparatus,  were  each  desig-ned  by  their  inventors  to  enrich  the 
^as  by  carburalion.  The;  t;ir  and  pfas  were  both  conveyed  direct 
from  tht  hydraulic  main  to  the  apparatus,  their  temperature  at 
the  inlet  bcinc^  maintain('<l  as  hit,'"h  as  possible.  Means  were  even 
adopted  of  raising  the  temperature,  if  required,  in  order  that  the 
heavier  hydrocarbons  present  in  the  crude  gAs  and  tar  might  be 
permanently  suspended,  and  so  become  fixed  ilhiminants  in  the 


Kid.  56. 


Fig.  57. 


gas,  notwithstanding  the  subsequent  reduction  of  temperature  in 
the  ordinary  course  of  purification.  Great  hopes  of  the  process 
were  at  one  time  entertained,  but  it  failed  to  meet  the  expecta- 
tions of  the  inventors. 

Drory*s  Main  Thermometer. —  The  illustrations,  Figs.  56 
and  57,  show  the  improved  arrangement  invented  by  Mr.  Drory 
for  ascertaining  the  temperature  of  the  gas  passing  through  the 
condenser  and  other  apparatus  and  the  mains.  It  consists  of  an 
outer  shell  fitted  with  a  conical  hollow  plug  having  an  aperture 
corresponding  to  that  in  the  outer  shell.  The  tester  which  fits 
into  the  plug  contains  a  thermometer,  which  on  being  turned 
opposite  to  the  apertures  is  in  immediate  contact  with  the  gas, 
and  on  withdrawal  the  temperature  is  ascertained.  For  attach! 
the  tester,  a  hole  suitable  for  a  i-in.  wrought-iron  pipe  is  drilled 
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and  tapped  in  the  pipe  or  side  of  the  apparatus,  and  the  instrument 
is  screwed  therein. 
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To  convert  Degrees  of  FahrenhcU  htfo  those  of  Centigrade  and 
K^a  H  m  u  r.  //  nd  eon  verse ly. 


To  convert  Fahr.  into  Cent. — 

Rule    ist. — Subtract   32,    and  divide  the   remainder   by    1 '8, 
ms  : 


Fahr.  167  -12  r^     ^ 

,•8-  =75  Cent. 


IW^ 


Rl'LE   2\\d. — Subtract  33,  multiply  the  remainder  by  5,   and 
livide  the  product  by  9,  thus  : 

Fahr.(.67-3»)x5  =  75Cent. 

To  convert  Cent,  into  Fahr. — 

Rule  1st. —Multiply  by  1*8,  and  add  32,  thus: 

Cent.  75  X  I  '8  +  32  =  1G7  Fahr. 
or  by — 

Rule  2nd. — Multiply  by  9,  divide  by  5,  and  add  32,  thus: 

m  C«"'-Zi'L9  +  3;,=  ,67Fahr. 

To  convert  Fahr.  into  Rt^au. — 

I      Rule  isl. — Subtract  2t2f  and  divide  by  2*25,  thus: 
Fahr.  113^33^ 

Ofby— 


2*2! 


36  R^au. 


I  Rule  2nd. — Subtract  32,  multiply  by  4,  and  divide  by  9,  thus 

P  Fahr.  [.,3-3^)M^36R^au. 

_,  9 

To  convert  Ri^au.  into  Fahr. — 

B      Rule  ist.  — Multiply  by  2*25,  and  add  32^  thus: 

R^au.  36  X  2*25  +  32=  1 13  Fahr. 
orby— 

Rule  and. — Multiply  by  9,  divide  by  4^  and  add  ^2y  thus: 


Rfl-au. 


■^  — -?+i2=  III  Fahr. 
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^^^■^             In  connection  with  the  subject  of  condensation,  the  following 

^m              tikbie,  compariii}^  the  English  and   French  thermometers,  will  be 

^V               found 

useful : — 

H                     Fahr. 

K<lau. 

Cenl. 

Fahr. 

R<^u. 

Cent. 

Kahr. 

K6au. 
337 

Cent. 
43-3 

Kahr. 

k^u. 

Cent 

H                      ai3 

800 

lOO'O 

x6o 

56-8 

71-1 

to8 

56 

xo*6 

>3'3 

^B                      an 

79  5 

99'4 

«59 

56-4 

70-5 

107 

33*3 

41*6 

55 

10  2 

127 

H                                3IO 

79' I 

98*8 

158 

56*0 

700 

106 

3:«'8 

41*1 

M 

97 

132 

■                                309 

78-6 

98-3 

157 

55 '5 

69-4 

»05 

32*4 

40'5 

53 

9*3 

11-6 

^^^                    208 

78-3 

977 

156 

55'' 

68-8 

104 

33-0 

40 '0 

52 

B'8 

IX'I 

^^^L 

777 

97  a 

«55 

54-6 

68-3 

103 

3<S 

39*4 

St 

8-4 

lo's 

^^H 

77 '3 

96-6 

154 

54  a 

677 

10s 

311 

38-8 

so 

8*o 

lO'O 

^^H 

76  a 

96-1 

»53 

537 

673 
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30-6 

38-3 

49 

7*5 

g* 
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764 

9S*S 

'5a 
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66-6 

100 

30 -a 

377 

-48 

Z'l 

8-8 
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76*0 

95  ■« 

'5> 

i;a-8 

66-1 

99 
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47 

6-6 

8*3 
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75  "5 

94*4 

'5° 

53-4 

65-5 

98 
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366 

46 

6-a 

77 

^^^m 

75-« 

93-8 

149 

530 

6so 

97 

38-8 

361 

45 

57 

7-3 
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74-6 

933 

148 

SI'S 

64-4 

96 
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44 

5 '3 
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74*3 

93*7 
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63-8 
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43 
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737 
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94 
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4= 
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5*5 

^^B             <97 

73-3 

91*6 

MS 
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6a7 

93 

^Tl 

33-8 

41 

40 

5-0 

^^m 
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9i-i 

'44 

49  7 

6  J -a 

93 

36*6 

33*3 

40 

3*5 
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^^H 

73-4 

9o*5 

M3 

49 '3 
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91 
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39 

3J 
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90 

357 
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38 
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37 
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88 

248 
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36 

17 
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87 
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58-8 
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34 
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85 
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33 
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THE   EXHAUSTER. 

The  exhauster  is  best  placed  to  follow  the  condenser.  The 
ntison  ilHre  of  this  apparatus,  which  is  really  nothing  more  nor  less 
than  a  pump,  is  to  relieve  the  retorts  of  the  pressure  caused  by 
the  obstruction  oflfered  to  the  gas  in  its  passage  through  the 
washers,  scrubbers,  purifiers,  and  station  meter  into  the  holders. 

Exhausters  are  now  made  of  almost  any  size,  down  to  the 
smallest,  and  there  are  but  few  gas-works,  however  small,  where 
they  cannot  be  applied  with  advantage.  The  invariable  result  of 
the  use  of  the  exhauster  is  to  increase  the  production  per  ton, 
to  improve  the  quality  of  the  gas  (provided  air  is  not  drawn  in), 

»and  to  lengthen  the  duration  of  the  retorts,  by  preventing,  in  a 
great  measure,  the  deposition  of  car- 
bon, the   removal    of  which   with   the 
ordinary  chisel  bars  is  so  destriiclive 
and  unsatisfactory. 

^ft       Mechanical  exhausters  are  of  two 

^^  kinds  ;  the  rotatory  and  the  recipro- 
cating. Both  descriptions  have  their 
advocates,  and  much  may  be  said   in 

'■^^  £avour  of  each. 

H  Beale's  exhauster  was  the  first  one 
constructed  on  the  rotatory  principle, 

^  Its   early    form   is  shown  in    Fig.    58. 

^■Its  parts  consist  of  a  cylinder,  inside  which  a  drum  revolves,  and 

^^is  provided  with  pistons  or  slides  which  have  a  radial  motion. 
The  drum  is  smaller  in  diameter  than  the  Inside  of  the  cylinder,  and 
the  centre  lines  or  axes  of  both  are  parallel  and  horizontal  ;  but  the 
drum  is  placed  eccentrically  in  the  cylinder,  so  as  to  be  in  contact 
with  it  at  the  bottom  without  resting  on  it.  The  inlet  and  outlet 
passages  are  on  the  two  opposite  sides  of  the  cylinder,  and  as 
the  slides  are  guided  by  segments  in  the  end  plates,  so  that  their 
outer  ends  are  always  in  contact  with  the  inside  of  the  cylinder, 
the  gas  enters  one  side^  is  carried  round  over  the  drum  to  the 
other  side,  and  is  forced  out  at  the  outlet.  This  form  of  exhauster 
is  the  one  now  most  generally  adopted,  and  whilst  the  origtniil 
type  is  retained,  important  modifications  and  improvements  have 


Fifi.  58. 


104 


NEWBIGGING'S   UAXDHOOK    FOR 


been  eflfected  in  its  construction  and  action  by  various  makers 
of  recent  years — notably  by  Gwynne  &  Co.,  Bryan  Donkin  & 
Co.,  VV.  H.  Allen  &  Co.,  and  G.  Waller  &  Co. 

The  illustrations  (Fig".  59)  show  sections  of  a  Beale*s  exhauster 
as  made  by  Gwynne  &  Co.,  under  their  patents,  and  containing 


Fio.  59. 

several  improvements  on  the  machine  as  first  invented,  by  which 
the  areas  of  wearing  surfaces  have  been  aug^mented  so  as  to 
greatly  increase  the  durability  of  the  machine.  These  include 
the  double  slides,  large  segments ,  steel  pins  fastened  in  the 
segments    and    extending    through    the    whole    length    of    the 

slides,  and  the  outside  bearings  for  the 
axle. 

In  Fig.  60  is  shown  a  section  of 
Waller's  ihree-blade  exhauster,  which 
the  inventors  consider  to  be  an  im- 
provement on  the  two-bladed  form  of 
the  apparatus.  The  delivery  is  divided 
into  three  parts  instead  of  two,  thus 
giving  a  steadier  gauge.  The  exhauster 
can  be  run  in  either  direction,  using 
either  branch  pipe  as  the  inlet  or  outlet, 
but  the  direction  for  running  is  always  from  the  inlet.  The 
blades  turn  on  a  centre  spindle  and  are  radial  with  the  cylinder, 
which  is  a  true  circle.  The  same  makers  have  produced  a 
four-blade  exhauster. 

.Anderson's  exhauster,  which  may  be  taken  as  the  type  of  the 
reciprocating  form  of  the  apparatus,  is  shown  in  Fig.  61.     This 


Fig.  60. 
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works  in  the  vertical  position,  but  others,  like  Dempster's,  have 
e  eng"ine  and  pumps  placed  hori/ontally. 

The  rotatory  exhauster  may  be  driven  either  by  a  strap  from  a 
line  shaft  actuated  by  a  steam  or  gas  engine,  or  by  an  engine 
coupled  direct.  The  reciprocating  exhauster  is  always  driven 
directly  by  the  engine. 

By  employing  two  of  these  latter  exhausters,  and  working 
Ihem  from  one  engine,  the  slides  of  the  exhausters  being  placed 
at  right  angles  to  each  other,  a  perfectly  steady  vacuum  and 
pressure  are  maintained. 


Vm.  6i. 


The  essential  features  of  a  good  exhauster  are  that  it  should  be 
mple  and  work  with  a  minimum  of  friction  and  power,  that  it 
should  give  the  steadiest  possible  flow  of  gas,  and  that  the  parts 
should   be  perfectly  gas-tight.     Tlie  commonest  fault  is  want  of 

•tightness,  and  when  it  is  remembered  that,  under  a  pressure  equal 
to  a  14-in.  column  of  water,  about  9000  cub.  ft.  of  gas  will  pass 
per  hour  through  an  opening  of  only  one  square  inch  in  area,  the 
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absolute   necessity  of  the  best  workmanship  only  being'  used  in 
exhausters  will  he  evident. 

Crude  creosote  oil  is  the  best  lubricant  for  the  cylinder  and 

slides   of   an  exhauster    when    the    surfaces  become     *'  pitched'* 

with   tar. 

The  steam-jet  exhauster  (Fig-.  62), 
invented  by  Mr.  Cleland  and  improved 
by  Kortingf  Brothers,  is  another  form  of 
exhausting  apparatus.  This  operates  by 
projecting  a  jet  of  steam,  at  about  45 
lbs.  pressure,  through  an  iirrangement 
of  pipes  or  nozzles,  without  llie  inler- 
venlton  of  any  other  mechanical  ap- 
pliances—  the  steam  being  afterwards 
extracted  by  condensation.  The  capacity 
of  the  exhauster  is  regulated  by  the  ad- 
justable screw  and  spindle  at  the  end, 
and  by  a  movable  inner  sleeve,  open- 
ing or  closing  the  port-holes  by  means 
of  the  screw  and  nut  at  the  side. 

When  an  exhauster  is  employed,  it  is 
necessary  to  supplement  its  use  by  a  gas 
governor,  acting  either  on  a  throttle  valve 
within  the  steam  feed-pipe,  in  this  case 
increasing  or  diminishing  the  speed  of  the 
engine,  or  on  a  valve  within  a  bye-pass 
connected  to  the  inlet  and  outlet  mains 
leading  to  and  from  the  exhauster,  the 
opening  of  which,  when  the  exhaust  is 
too  active,  allows  a  portion  of  the  gas  to 
return  through  the  exhauster,  and  thus 
prevents  the  formation  of  a  partial  vacuum 
in  the  retorts. 

Steam  Engines  and  Boilers, — These 

should   be   provided  of  ample   size,    allowing  a   margin  over  and 

above  the  actual  power  needed.     An  engine  and  boiler  barely  fitted 

to  do  the  work  required  of  them  are  a  nuisance. 

The  engine,   besides  turning  the  exhauster,   may  be  used  in 

pumping  water  and  tar;  and  the  boiler,  in  addition  to  supplying 
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^pteam    for    the   engine,   is    useful    For    steaming    the    mains 
apparatus  on  the  works. 

Duplicate  boilers  of  the  required  size  should  be  provided,  to 
allow  for  periodical  cleaning  and  examination. 

For  firing  the  boiler,  breeze  may  be  used,  mixed  with  a  portion 
of  coke  or  coal.  Or  if,  instead  of  the  chimney  draught,  a  forced 
draught  is  employed,  breeze  and  much  of  the  furnace  refuse  will 

Isen'e  as  fuel. 
One  pound   weight   of  coal   of    average  quality   requires   150 
cub.   ft.   of  air  for    its  perfect  combustion.       In  actual    practice, 
however,   about  double   this  quantity  of  air  passes  through   the 
furnaces  of  steam  boilers. 

Wherever  practicable  and  convenient,  the  boiler  may  be  set  in 
such  a  position  as  to  allow  of  its  being  heated  with  the  waste 
heat  from  the  retort  stack. 

In  small  works>  if  a  steam  boiler  cannot  be  employed  for  want 
of  space,  or  should  a  boiler  be  considered  objectionable  on  other 
y^rounds,  the  exhauster  can  be  driven  by  a  gas  engine. 

The  boiler  most  suitable  for  a  gas-works  of  moderate  size  is 
the  Cornish  type,  with  flat  ends  and  single  internal  tube  contain- 
ing the  furnace."  For  large  works,  the  Lancashire  or  double-flued 
boiler  is  best  adapted. 
B  The  nominal  horse-power  of  a  boiler  is  found  by  multiplying 
^Ihe  sum  of  the  diameters  of  the  outer  shell  and  internal  flue  by 
the  length,  and  dividing  the  product  by  6. 

Example. — Required  the  power  of  a  Cornish  boiler,  whose  dia- 
meter is  4  ft.  6  in.,  diameter  of  tube  2  ft.  6  in.,  and  length  12  ft. 

6 

Again — 

Required  the  power  of  a  Cornish  boiler  whose  diameter  is  6  ft., 
diameter  of  tube  3  ft.,  and  length  20  ft. 
(6'  + 3')x2o' 
6 
Again — 

Required  the  power  of  a  Lancashire  boiler  whose  diameter  is 

7  ft.,  diameter  of  tubes  2  ft.  9  in.,  and  length  24  ft. 

(7'  o"  +  2'  q"  +  2'  a")  X  24'  , 

"       -Z — z— 7  *  ^  L      *♦  =5o-horse  power. 


14-horse  power. 


30-horsc  power. 
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In  high-pressure  or  non-condensing  eng-Jnes,  with 


Slcam  at  25  lbs.  i>cx  sq.  in.,  13'6  circular  inches  nn  |)isiim  =  i-horsc  power. 

The  diameter  of  the  piston  in  inches  squared  ^  circular  inches. 

The  foilowin^'^  table  ^ives  the  diameter  of  cylinders  for  high- 
pressure  (non-condensing)  steam  engines,  from  3  to  16  horse 
power,  with  slcam  at  :;5  lbs.  and  jo  lbs.  per  square  inch  respec- 
tively, and  the  length  of  stroke  for  the  different  sizes  :— 


Nominal 
Horse 
Power. 


Diameter  of  Cylinder 
in  Inches. 


Steam  per  Sq.  In. 


25  lbs. 


30  lbs. 


Length 

of 
Stroke. 


Inches. 


Nominal 
Horse 
!   Power. 


8 

H 
9 
10 

IC 
13 

>3 
U 
<5 

16 


Diameter  of  Cylinda* 
In  Inches. 

Slcim  per  Scj.  In. 


as  lbs. 


IS 

la 
<3 
13 

«5 


3olbi. 


Length 
Stroke. 


Inches. 

30 
30 

32 
33 

a4 
a4 
26 
36 

38 

30 


Cement  for  Stopping  Leaks  in  Boilers, 

By  weight. 
Powdered  fire-clay  ....         6  parts. 

Fine  iron  filings      .....  1  part. 

Made  into  a  paste  with  boiled  linseed  oil. 


O) 


Cement  for  Metallic  Joints, 

Equal  weights  of  red  and  white  lead,  mixed  with  boiled  Unseed 
to  the  consistency  of  putty. 


THE    WASHER. 

The  washer  was  one  of  the  very  earliest  appliances  used  in  the 
purification  of  coal  gas,  and  naturally  so,  owing  to  the  cooling 
and  condensing  property  of  water  and  its  power  of  absorbing 
ammonia  and  of  arresting    the   tar.     Its  construction,   however, 
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was  often  faulty  at  first,  and  the  limits  of  its  functions  misunder- 

•ptood  ;  so  that  the  misuse,  or  overuse,  of  the  apparatus,  resulting 
in  the  reduced  illuminating  power  of  the  gas  exposed  to  its  action, 
caused  it  to  fall  for  a  time  into  disrepute. 

I  The  principle  of  its  action  is  that  of  causing  the  gas  to  pass 
in  finely  divided  streams  through  a  body  of  water  contained  in 
B  vessel,  so  that  a  portion  of  the  ammonia  and  other  gaseous 
impurities,  and  the  whole  of  the  floating  particles  of  tar  which 
have  escaped  condensationi  may  be  removed  liefore  the  gas  enters 
the  scrubbers.  However  ample  the  usual  condensing  appliances 
may  be,  some  of  the  lightest  tar  vapours  escape  their  action. 
These  are  arrested  in  the  washer,  or  tar-extractor,  as  it  is  some- 
times called. 
This  apparatus  should  always  be  used  in  conjunction  with  the 
scrubber,  and  the  gas  passed  through  it  in  the  first  instance.  It 
is  generally  employed  as  a  separate  and  distinct  apparatus,  but 
sometimes  it  is   placed  at  the  bottom  of  the  lower  scrubber,  of 

■  which  it  constitutes  a  part. 
When  the  washer  is  exposed  to  outside  atmospheric  influence, 
it  is  necessary  in  winter  to  employ  means  to  prevent  the  water 
from  fulling  below  a  temperature  of  50"  Fahr.  ;  otherwise  the  gas, 
especially  a  rich  gas,  passing  through  it  will  suffer  deterioration. 

I  All  washers  give  an  amount  of  back  pressure,  varying  from 
I  in.  to  4  in.,  according  to  the  depth  of  water  traversed.  There 
are  numerous  designs  of  the  apparatus,  but  the  principal  ones  are 
here  described. 
The  persistent  advocacy  of  Mr.  George  Anderson  has  done 
much  to  restore  the  washer  to  favour,  and  his  form  of  the 
apparatus  is  still  one  of  the  best. 

It  consists  of  a  ciist-iron  outer  vessel,  containing  a  number  of 
trays,  having  on  their  under  side  a  series  of  serrated  bars  extend- 

■  ing  from  side  to  side  ;  these  dip  into  the  water  or  liquor,  and  the 
gas  in  passing  through  the  serrations  is  divided  into  minute 
globules.  The  pressure  given  can  be  regulated  by  raising  or 
lowering  the  overflow  with  which  the  apparatus  is  provided.  A 
four- way  valve  is  used  for  shut -off  and  bye -pass.  Weak 
ammoniacal  liquor  from  the  condenser  is  run  in  at  the  top,  and 
drips  from  tray  to  tray  till  it  reaches  the  bottom.  The  washer  is 
made  either  single  or  double  as  required. 
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In  Cathels'  washer  the  iij;ual  oblong;  or  square  vessel  is  divided 
into  sections,  as  many  as  may  be  desired,  each  elevated  hig^her 
than  the  others  in  the  form  of  steps.  The  gas  enters  at  the 
bottom,  passes  in  divided  streams  throug"h  a  number  of  curtain 
serrations  extending  the  full  lengfth  of  the  vessel,  and  so  on 
through  the  rest,  and  out  at  the  top  of  the  higher  compartment. 
When  the  liquor  in  the  lowest  section  is  of  the  strength  required, 
it  is  run  off,  and  the  contents  nf  the  several  sections  transferred 
one  step  lower,  the  last  or  uppermost  being  charged  with   fresh 

water.  This  apparatus  is  also 
arranged  in  the  vertical  position 
to  occupy  less  ground  space. 

Livesey*s  washer  is  a  com- 
pact and  efficient  apparatus,  oc- 
cupying less  room  for  the  work 
done  than  any  other.  In  a  rect- 
angular cast-iron  box  of  any  size 
(depending  on  the  make  of  gas) 
is  a  series  of  rectangular  tubes  of 
wrought-iron,  to  which  wrought- 
iron  perforated  plates  are  fast- 
ened, turned  down  at  the  sides 
till  they  dip  into  the  liquor.  The 
perforations  are  r}^^  of  an  inch 
diameter,  and  J  of  an  inch  apart. 
The  gas  passes  down  between 
the  tubes  and  through  the  side 
peribrations  into  spaces  filled  with 
liquor,  and,  bubbling  upwards,  is 
again  broken  up  by  finding  its  way 
through  the  horizontal  perforations  into  the  open  space  above,  and 
so  along  to  the  outlet  of  the  apparatus.  Means  are  provided  for 
securing  an  active  circulation  of  the  liquor,  which  is  constantly  flow- 
ing through  it  from  the  adjacent  scrubber,  and  away  by  an  overflow 
to  the  well. 

THE  TOWER  SCRUBBER. 

The  tower  scrubber  (Fig.  63)  is  a  cast-iron  vessel,  either  rect- 
angular or  cylindrical  (the  latter  shape  being  preferred),  erected 
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on  end,  throug^h  which  the  jjas  is   made  to  pass  in  an  upw.nrd 
direction  after  issuing  from  the  washer. 
^        Its  primary  use  is  to  purify  the  yas  from  ammonia  by  the  aid 
^■of  water,  advantag'e  being*  taken  of  the  well-known  great  affinity 
^Bof  ammonia   for  that   liquid.     Water,  at   mean  temperature  and 
^n>ressure  (60'  Fahr.,  barometer  30"),  dissolves  783  limes  its  volume 
^Bof  ammoniacal  gas — that  is,  undilufcd  ammoniacal  gas.     When  the 
^■latter  is  mixed  with  other  gases,  as  in  the  case  of  coal  g"as,  the 
power  of  water  to  arrest  it  is  not  nearly  so  great.      It  also  arrests 
a  considerable  pro- 
portion of  the  sul- 
^■phuretted     hydro- 
^^jjcn    and  c;irbonic 
acid. 

This  is  accom- 
plished by  filling 
the  vessel  wholly 
or  in  part  with 
ither  coke, 
boulder-stones, 
brickbats,  roof  or 
drai  n  ing  t  i  les, 
furze,  or  layers  of 
thin  boards  set 
on  edg^e,  about  5 
to  7  in.  in  width, 
J  of  an  inch 
thick,  and  from 
^  to  J  of  an  inch 
apart ;  the  mate- 
rial being^  kept  constantly  moistened  by  a  stream  of  water  trick- 
ling from  a  suitable  distributing  apparatus  fixed  in  the  crown. 

When  the  coke  or  other  material  is  placed  in  layers,  it  is  sup- 
ported on  grids  fixed  at  convenient  distances  apart  ;  and  opposite 
each  space  a  manhole,  secured  by  a  movable  lid  or  cover,  is  prc>- 
vided,  so  as  to  afford  access  to  (he  interior,  either  for  examination 
or  renewal  of  the  contained  material. 

The  Livesey  scrubber  is  fitted  with  boards  \  of  an  inch  thick, 
I  in.  wide,  placed  on  cdg'e,  and  kept  apart  by  strips  or  blocks  of 
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wood  }  of  an  inch  square  ;  thus  making  one  board  to  i  in.     The 
tiers  are  separated  by  2-in.  square  cross  sleepers. 

The  first  cost  of  filling-  with  boards  is  i^reater  than  when  coke 
or  other  material  is  employed,  but  it  possesses  the  marked  advan- 
tage of  not  fouling'  up,  and  will  rarely  or  never  need  renewing-. 
The  gas  cannot  form  narrow  channels  in  Its  passage  through  the 
vessel^  but  is  constantly  being  broken  up  and  brought  in  contact 
with  the  water  that  drips  from  all  sides.  Mr.  Green  uses  canvas 
screens  depending  from  transverse  rods  as  filling  medium.  Open 
scrubbers  are  also  used  without  any  of  the  materials  above  men- 
tioned. In  such  cases  the  column  of  gas  in  its  upward  progress 
is  met  by  a  descending  shower  of  spray  from  a  Gurney  jet 
(Fig.  fi4). 

The  most  efTicient  tower  scrubber  is  the  cylindrical,  standing 
in  height  about  five  to  seven  times  its  diameter.  Owing  to  the 
difficulty  of  securing  an  equal  distribution  of  the  water  or  liquor, 
the  diameter  should  not  exceed  lo  ft.  in  the  largest  works.  As  a 
general  rule,  8  ft.  diameter  is  preferable  ;  for,  to  obtain  the  full 
benefit  to  be  derived  from  this  apparatus,  there  should  be  imme- 
diate contact  of  the  gas  with  the  water  or  liquor  in  a  state  of 
minute  subdivision.  Height  is  an  important  factor  in  a  tower 
scrubber.  Experience  has  proved  that  the  best  filling  is  thin, 
rough-sawn  boards,  placed  in  alternate  layers  on  edge  one  over 
the  other,  or  canvas  screens,  as  before  described.  When  coke  is 
used  as  the  scrubbing  material,  it  may  be  placed  in  six  or  eight 
layers,  with  a  space  of  about  6  in.  between  each.  Whatever 
material  is  used  in  filling  the  scrubber,  it  is  important  that  all 
parts  of  its  surface  should  be  wetted  as  equally  as  possible.  The 
proper  action  of  the  scrubber  depends  on  this. 

The  necessity  of  a  good  water  distributing  apparatus  is  there- 
fore obvious.  Not  only  should  this  be  of  good  construction  in  the 
first  instance,  but  it  should  always  be  maintained  in  efficient 
working  order.  The  gas  enters  at  the  bottom  of  the  vessel,  and 
the  water  or  liquor  at  the  top.  The  gas  in  travelling  upwards  is 
completely  broken  up,  fresh  surfaces  being  constantly  presented 
to  the  descending  drip,  and  to  the  wetted  sides  of  Ihe  filling 
material,  against  which  it  is  rubbed  or  scrubbed  all  the  way  up, 
until  it  emerges  by  the  outlet  at  the  top.  A  trapped  overflow  at  the 
bottom  conveys  the  liquor  either  to  the  washer  or  to  the  tar  well. 
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^P      The  gas,  before  entering'  the  scrubbers,  should  have  the  whole 
of  the  tar  eliminated  from  it  ;  and  to  ensure  this,  a  washer  or  tar 

IjBXtractor  may  be  employed,  either  as  a  separate  apparatus,  or 
placed  in  the  bottom  of  the  tower, 
I  The  weak  ammoniacal  liquor  from  the  ]iydr;uiJic  main  and  con- 
denser may  be  employed  for  distribution  through  the  towen  The 
Ikbject  of  using  this  is  to  arrest  a  proportion  of  the  carbonic  acid 
and  sulphuretted  hydrogen,  as  well  a*i  the  other  sulphur  com- 
pounds, for  which  ammonia  has  a  siron|»-  affinity,  thus  relieving 
the  lime  and  oxide  purifiers,  and  saving  labour  and  purifying 
materials.  The  weak  liquor  is  also  by  this  means  brought  up  to 
the  requisite  commercial  strength. 

One  method  frequently  adopted  of  apply- 
ing the  water  or  liquor  is  by  a  pipe  passing 
through  the  crown  or  side  of  the  vessel, 
from  which  pipe  smaller  tubes,  prercfd  with 
holes,  radiate  towards  the  circumference. 
This  may  be  either  fixed  or  revolving,  the 
latter  being  the  most  efficient.  In  the 
Mann  scrubber,  the  uppermost  part  of  the 
tower  containing  the  distributor  is  made 
about  2  or  3  in.  wider  ihan  the  rest,  in 
order  that  the  sides  of  the  vessel  may  be 
wetted  as  well  as  the  contained  maleriaU 
In  this  wider  portion,  and  underneath  the 
distributing  tubes,  there  is  a  revolving  layer 
of  birchwood  twigs  lessening  in  depth  to- 
wards   the   circumference,    and     the    water 

falling  upon  this  is  equally  distributed  throufjhoul.  This  arrange- 
ment requires  the  use  of  a  small  engine  and  gearing  to  produce 
the  slow  rotary  motion. 
^m  To  obviate  the  necessity  for  an  engine,  a  Barker's  mill  or  other 
^P  similar  appliance  is  sometimes  used  for  producing  the  required 
motion  ;  the  mill  is  usually  fed  intermittently  from  a  tilting  box, 
or  a  vessel  holding  several  gallons  of  water,  and  fitted  with  a 
valve  and  float.  Where  the  quantity  of  liquor  supplied  is  large, 
a  small  turbine  may  be  adopted  for  turning  the  distributor.  For 
small  scrubbers,  the  water  or  liquor  feeding  arrangements  may  be 
kas  shown  in  Fig.  65. 


Fig.  65. 
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With  the  introduction  and  perfecting  of  the  rotatory  washer- 
scrubber  has  come  a  gradual  modification  of  the  views  formerly 
ht;ld  in  fo^Lrani  to  the  sviperioniy  of  the  tower  form.  It  Is  now 
i,''cnerally  admitted  that  llie  rotatory  apparatus  is  of  much  ex- 
celleiice,  being  more  under  control  and  more  certain  in  its  action 
than  the  other.  It  by  no  means  follows,  however,  that  the  tower 
scrubbiT  should  be  discarded.  The  best  provision  to  make  for 
scrubbing  purposes  is  to  apply  one  lower  and  one  rotatory  appar- 
atus for  each  stream  of  gas.  Thai  is  to  say  :  Assuming  a  works 
where  the  gas  is  sent  in  one  continuous  stream  through  the 
different  appliances  of  purification,  then  one  tower  and  one 
rotatory  scrubber  will  suffice.     Thus  : 
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I'lo.  66. 
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When  the  make  is  sent  through  the  apparatus  in  several 
streams — as  should  be  the  case  in  large  works — the  like  provision 
is  made  for  each  stream.     Thus  : 


l-io.  67. 


The  question  as  to  the  capacity  of  the  washer-scrubbers  will 

be  decided  by  the  rjuantity  of  gas  they  are  intended  to  pass ; 
whether  half,  one»  or  two  million  cubic  feet,  and  so  on,  per  day  of 
twenty-four  hours. 

Adopting  this  arrangement,  the  lower  scrubber  would  be 
supplied  exclusively  with  weak  ammoniacal  liquor,  and  the 
washer-scruhhcr  with  clean  water  ;  the  supply  of  liquor,  which 
should  be  plentiful,  being  moderated  or  increased  according  to  the 
season  of  the  year  and  the  quantity  of  gas  being  passed. 
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In  works  where  there  are  no  wusthcr-scrubbers,  but  towers 
ily,  the  latter  are  most  economical  and  effective  when  they  are 
used  in  pairs  (Fry;.  63),  the  gas  being  passed  through  lirst  one  and 
then  the  other.  In  such  case,  weak  ammoniacal  liquor  should 
be  pumped  liberally  through  the  first,  and  fresh  water,  in  the 
proportion  of  3  to  3  gallons  per  1000  cub.  ft.  of  gas  passing, 
through  the  second  scrubber.  When  more  than  one  pair  of  tower 
scrubbers  is  employed,  as  is  the  case  in  considerable  sized  works, 
the  gas  should  be  distributed  in  equal  proportion  through  the 
several  pairs  simultaneously— not  through  each. in  succession. 

Tower  scrubbers,  when  used  alone,  and  not  in  conjunction  with 
the  washer-scrubber,  should  have  an  aggregate  cubictil  volume  of 
at  least  9  ft.  for  each  1000  cub.  ft.  of  gas  made  per  day  of  twenty- 
four  hours,  taking  the  maxintnm  production  as  the  basis  of  the 
calculation.  For  example,  take  a  works  producing  in  the  depth  of 
winter  600,000  cub.  ft.  of  gas  per  day  of  twenty-four  hours — 
Then, 

1600  X  9=  5400  ft.,  cubical  volume  required. 
This  would  be  supplied  by 
Two  scrubbers,  each  8  ft.  diameter  and  56  ft.  high. 
Or  again,  take  a  works  producing  i,ooo,<x>o  cub.  ft.  per  day — 
Then. 

ioooxg-gooo  ft.,  cubical  volume  required. 
This  would  be  supplied  by 

I  Two  scrubbers,  each  10  ft.  diameter  and  58  ft.  high. 

Where  the  washer-scrubber  is  al.so  employed,  one  tower  in  each 
of  the  above  instances  is  sufficient. 


THE  WASHER-SCRUBBER. 


The  washer-scrubber  has  come  largely  into  use  in  recent  years, 
and  deservedly  so,  as  it  is  capable  of  removing  the  last  vestige  of 
free  ammonia  from  the  gas,  with  also  a  proportion  of  the  other 
impurities.  The  predominant  feature  of  the  several  forms  of 
washer-scrubbers  is  a  cast-iron  tank  or  vessel,  either  cylindrical, 
as  in  the  *'  Standard  '*  and  *'  New  "  washers,  or  rectangular  with 
semicircular  top,  as  in  the  '*Kclipse"  washer.  The  vessel  is 
divided  laterally  into  a  number  of  compiiriments,  ihe  lower  por- 
tions of  which  are  kept  supplied  with  liquor  or  water,  and  through 
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lliesu,  chambers  containiii^^  wood  balls  or  bundles,  or  other  tilling^ 
medium,  exposing"  a  larg-e  surface,  are  made  to  revolve  on  a 
central  shaft,  at  a  slow  speed. 

This  apparatus  has  largely  supplanted  the  tower  scrubber,  by 
reason  of  its  being*  more  manageable,  as  well  as  more  certain  in 
its  action  as  an  ammonia  extractor.  It  is  a  mistake,  however,  to 
dispense  altogether  with  the  lower.  The  two  should  be  used  in 
conjunction,  as  described  on  p.  114,  the  gas  being  drenched  in 
the  tower  with  weak  ammoniacal  liquor,  and  afterwards  treated 
with  clean  water  in  the  rotatory  vessel.  This  is  the  perfection  of 
gas  scrubbing. 

Amongst  the  modern  designs  of  washer-scrubbers  in  the 
market,  the  *'  Standard "  of  Kirkham,  Hulett,  &  Chandler, 
the  "Eclipse"  of  Clapham  Brothers,  and  the  *'New"  washer- 
scrubber  of  VV.   C.   Holmes  &  Co.,   rank  as  foremost. 

The  *'  Standard"  washer-scrubber  (Fig.  68)  is  in  the  form  of  a 
cylinder  with  a  central  revolving  shaft,  and  to  this  are  keyed  strong 
cast-iron  collars,  each  collar  bearing  an  iron  frame,  to  which 
boards  J  in.  thick  are  attached,  kept  {\f  in.  apart  by  means  of  wood 
deflectors.  These  latter,  being  notched  at  one  end,  pick  up  the 
liquor  at  each  revolution  of  the  shaft,  and  distribute  the  same  over 
the  boards^  which  also  pass  through  the  liquor.  The  division 
plates  in  the  **  Standard  "  washer  fill  the  whole  diameter  of  the 
vessel,  with  a  circular  opening  at  the  centre  for  the  passage  of 
the  gas. 

The  *' Eclipse"  washer-scrubber  (Fig.  69)  consists  of  a  rect- 
angular vessel  with  semicircular  top.  The  lower  portion  of  the 
vessel  is  divided  laterally  by  cast-iron  plates  into  a  series  of 
chambers,  these  chambers  being  kept  full  of  liquor  or  clean  water, 
as  the  case  may  be,  depending  upon  the  position  of  the  chamber 
with  reg;ird  to  the  fresh  water  inlt't.  Keyed  to  the  central  revolv- 
ing shaft  are  a  number  of  cylinders,  one  to  each  chamber,  faced  as 
to  their  outer  edges,  so  as  to  work  gas-tight  against  the  outer 
case,  and  thereby  preventing  '*  short  circuiting  "  of  the  gas  from 
one  compartment  to  another.  The  cylinders  are  divided  into  a 
number  oi'  divisions  by  perforated  steel  plates,  .ind  each  divi- 
sion is  filled  with  wooden  balls  i^  in.  diameter,  having  a 
hole  :,  in.  diameter  through  the  centre.  The  balls  are  kept 
thoroughly  wet  by   means  of  perforated  buckets  attached  to 
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cylinders  which  dtp  into  the  liquor  at  each  revolution  of  iUv  main 
s»haft. 

The  **New"  washer-scrubber  (Fig.  70)  is  cylindrical  in  form, 
£ind  is  divided  internaHy  into  a  number  of  cnmpartnumts  by  means 
tf^fwrought-iron  plates  bolted  between  the  tlan^'"es  of  the  outer  shell. 
Other  circular  iron  plates,  one  to  each  compartment,  are  keyed  to 
the  central  revolving^  shaft,  and  to  these  plates  arc  secured  circular 
b)rushes,  which  press  close  to  the  fixed  sides  of  the  compartments, 
the  g^as  reaching  each  compartment  only  by  passing  through  the 
xvet  brushes. 

Anderson's   combined    washer    and    scrubber    consists    of    a 


Fio,  70.— Holmes  &  Co.*s  "Nkw"  Washbr-Scrubbbr 


rectangular  cast-iron  vessel*  standing  on  end,  and  in  height 
about  five  times  its  width.  The  vessel  Is  divided  into  compart- 
ments, each  containing  a  drum  caused  to  revolve  by  suitable 
gearing.  The  circumference  of  each  drum  is  fitted  with  a 
brush  of  whalebone  or  other  fibre.  These  fit  exactly  into  the 
space  allotted  for  them,  and,  in  revolving,  dip  into  the  Ii(|uid 
which  partially  fills  the  several  divisions.  The  scrubber  stnnds 
on  an  Anderson  washer  (see  p.  109).  A  small  stream  of  pure 
W'ater,  at  the  rate  of  10  to  12  gals,  per  ton  of  coal  carbonized, 
is  kept  flowing  into  the  top  compartment  through  a  funnel  and 
sealing  tube,  and  gradually  descends  by   way  of  the  gas-pipes 
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connecting  the  chamber  till  it  enters  the  washer,  from  which  there 
is  an  overflow  pipe  to  the  well.  The  gas  enters  the  washer  at  the 
bottom,  and  is  first  relieved  of  the  tar  remaining  after  condensa- 
tion ;  thence  it  passes  through  the  revolving  brushes,  meeling 
difi"erent  strengths  of  liquor  in  each  division,  till  it  reaches  the 
upper  one  containing  pure  water,  and  away  by  the  outlet.  By 
this  means  the  whole  of  the  ammonia  and  a  large  proportion  of 
the  other  impurities  art  removed. 

In  addition  to  the  apparatus  described  above,  the  "purifying 
machine  "  made  by  C.  &  W.  Walker  is  a  powerful  washer  and 
scrubber  combined. 

Ford's  scrubber-washer  and  Cockey's  washer  are  compact 
apparatus,  producing  excellent  results,  and  these  do  not  require 
motive  power  to  work  them. 

Dr.  Frankland  gives  the  following  useful  table,  showing  the 
number  of  volumes  of  various  gases  which  loo  volumes  of  water 
at  60"  Fahr.  and  30  in.  barometric  pressure  can  absorb:— 


78,000  volumes. 

253         .. 
100         », 

12*^ 


Ammonia  . 

Sulphurous  acid 

Sulphuretted  hydrogen 

Carbonic  acid     . 

Olefiant  gas 

,,,...        ,     .  .  /"Not determined, but  probablymore 

lllummatmg  hydrocartx)ns  {         .   1 1    .i         1  r      . 

*     ''  \     soluble  than  olcluml  gas. 

Oxygen      ....  3*7  volumes 

Carbonic  oxide  ...  1  '56      ,, 

Nitrogen    ....  !'56      ,, 

Hydrogen  .  .  .  1*56      ,, 

Light  carburcttrd  hydrogen  i '60      ,, 


i 


When  water  has  been  saturated  with  one  gas^  and  is  exposed 
to  the  influrnce  of  a  second,  it  usually  allows  a  portion  of  the  first 
to  escape,  whilst  it  absorbs  an  equivalent  quantity  of  the  second. 
In  this  way  a  small  portion  of  :i  not  easily  soluble  gas  can  expel 
a  large  volume  of  an  easily  soluble  one. 


BYE-PASS  MAINS  AND   VALVES. 
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In  connection    with   the  foregoing   apparatus — viz.,   the    con- 
denser* exhauster,  washer,  tower  scrubber,  and  washer-scrubber — 
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bye-pass  mains  closed  with  valves  or  water-traps  should  be  pro- 
vided, in  order  to  allow  of  any  of  them  being  put  out  of  action  for 
cleanings  or  repairs.  The  exhauster  bye-pass  is  closed  with  a  flap 
valve,  so  that»  in  case  of  sudden  stoppag'e  of  the  machinery^  the 
valve  opens  by  the  pressure  of  the  gas  being  thrown  against  it, 
and  allows  Ihc  gas  to  flow  unchecked. 


TAR  AND   LIQUOR   WELLS  AND   TANK. 


The  tar  and  ammoniacal  liquor  underground  wells  may  be  built 
either  of  bricks  laid  in  cement  and  carefully  puddled  at  the  bottom 
and  sides,  or  of  cement  concrete  rendered  over  the  whole  inside 
surface,  or  formed  of  cast  or  wrought-iron  or  steel  plates,  bolted 
together,  and  having  either  planed  or  caulked  or  riveted  joints. 
The  iron  vessel  is  preferable  when  the  construction  of  a  good 
foundation  is  likely  to  be  a  matter  of  great  expense. 

The  well  or  wells  should  be  of  capacity   suflicicnt  to  contain 

six  weeks*  make  of  material,  reckoning  from  the  maximum  daily 

production.      Less  than  six  weeks'  storage  space  will  serve  when 

the    liquor    is    manufactured    into   sulphate   of  ammonia    on    the 

j      premises. 

^^  Another  wel!  of  smaller  dimensions,  the  size  depending  on 
^Bthe  magnitude  of  the  works,  ought  to  be  provided,  to  serve  as 
I^P  a  lute  or  seal,  into  which  the  drip-pipes  from  the  different 
~  apparatus  should  dip.  From  this,  at  a  depth  of  about  15  or 
I  18  in.  below  the  surface  of  the  ground,  an  overflow -pipe  or 
^■channel  conveys  the  condensed  products  into  llif  larger 
I^B  reservoir. 

^f       In  some  works  the  tar-pipe  is  taken  direct  from  the  hydraulic 

main  into  the  large  well,  and   there  scaled  by  being  made  to  dip 

^^  into  a  vertical  pipe  secured  lo  the  bottom  of  the  tank.     This  is 

^■objectionable,  as,  in  case  of  stoppage,   it  is  difficult  of  access. 

~  Again,  there  is  always  the  liability  of  an  escape  of  gas  from  that 

portion  of  the  pipe  within  the  well.     Further,  where  flushing  of  the 

hydraulic  main  is  practised,  the  rushing  liquor  carries  with  it  a 

quantity  of  gas  which   is  liberated   within   the   well.      It   is  also 

important  that  the  tar  should  be  cooled  somewhat  before  entering 

the  larger  receptacle.      In  each  of  these  cases  the  gas  or  vapour. 


mixing-'  with  the  contained  air  within  the  well,  would  explode  with 
disastrous  consiiquences  on  contact  with  a  li^iit^  Accidents 
which  have  occurred  have  been  due  to  one  or  other  of  these 
causes. 

In  all  cases  the  wells  should  be  covered  over  to  exclude  sur- 
face and  rain  water»  and  prevent  the  possible  loss  of  ammonia 
by  evaporation. 

In  addition  to  the  underground  well,  an  elevated  cast-iron 
cistern  is  indispensable  in  a  well-appointed  j^fas-works.  Into  this 
the  tar  and  liquor  are  pumped  from  the  undertjround  well,  and 
suitable  draw-off  pipes,  furnished  with  stopcocks  or  valves,  serve 
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to  dlscharjfe  the  material  into  the  barrels,  trucks,  or  bargees  of  the 
purcliasing  contractor. 

The  cistern  may  be  divided  in  two  by  means  of  a  partition 
plate  reaching  to  within  about  6  in.  of  the  top,  over  which  the 
ammoniacal  liquor  will  fiow,  separating  itself  from  the  tar  by 
reason  of  its  lower  specific  gravity. 

A  tar  and  liquor  separator,  for  placing  in  the  ground  in  any 
convenient  position  near  to  the  underground  well,  is  shown  in 
sectional  elevation  and  plan  in  Figs.  71  and  72.  It  consists  of 
a  cast-iron  vessel,  about  4  ft.  square  and  4J  ft.  deep,  for  a  con- 
siderable sized  gas-works.  The  division  plate  extends  from  the 
top  of  the  vessel  to  within  4  in.  of  the  bottom  ;  the  diaphragm, 
over  which  the  tar  escapes  into  its  separate  well,  being  placed 
i^  in.  lower  than  the  other  diaphragm  for  the  ammoniacal 
liquor. 


OAS   ENOTNKKKS   ANT)   MANAGERS. 


1SS 


TABLE. 

Contents  of  Cirvular  Tanks  or  Wvlh  in  Gallons  for  each  Foot 

in  Depth. 


H  Duundcf . 
■    a  In. 

Gallons  ftir  r.-icli 
Foot  in  Dcpih. 

Diameter. 

Gitlloos  for  rach 
Foot  in  Depth. 

Oianit-'ter. 
Ft.    In. 

Gnllons  for  rach 
Fool  in  Ucpih. 

Fl.   In. 

■       90 

397*6 

16    6 

1336*4 

34    0 

2827-4 

1   M 

4ao*o 

16    9 

«377'a 

^l 

2886*7 

WS*© 

1      »7    0 

1418-6 

»94''*-S 

■^9    9 

466*6 

1      '7    3 

14607 

24    9 

3006-9 

10    0 

490-9 

1      17    6 

1503-3 

35    0 

30680 

10    3 
K      10  S 

S"S7 

<7    9 

1546-6 

35    3 

3129-6 

M»'a 

18    0 

»S90-4 

as    6 

Ji9l'9 

■      10   9 

567-3 

««    3 

1634*9 

%\ 

3354*8 

■      u    e 

594*0 

18    6 

i68o'o 

33»8-3 

I  ;;i 

6ai-3 

18    9 

17*57 

36    3 

3383-4 

649-a 

'      19    0 

I773i 

a6    6 

3447'a 

■        XI     9 

677*7 

19    3 
19    6 

1819*0 

36    9 

3S<a-5 

■         13     0 

706-9 

1866^ 

27    0 

3578*5 

■       »    3 

736*6 

>9     9 

19147 

a/    3 

3645' 

■       la    6 

7^? 

ao    0 

19635 

•7    6 

37* a -3 

■        u    9 

«l 

aoia*9 

37    9 

3780  X) 

■       13    0 

809-6 

9063  <9 

38    0 

l^^'i 

■       %\ 

861-8 

ao    9 

2113s 

28    3 

39»7S 

804*6 

at    0 

3164*8 

38    6 

3987" 

'3    9 

CfjBj 

31      3 

3ai6'6 

38    9 

4057  4 

14    0 

962-1 

at    6 

8a69<i 

99    0 

4128  3 

■    't\ 

9968 

ai     9 

339a' z 

»9    3 
,     39    6 

4*997 

IOj2'T 

aa    0 

337S« 

427<-8 

■       M    9 

10680 

^  ? 

04301 

99    9 

4344*6 

■       *5   0 

1104 '5 

3485^ 

30    0 

44»7  9 

■       IS    3 

1141-6 

1     M    9 

354016 

30    3 

449 « -8 

■      >S    6 

«'79J 

,      *3    0 

35967 

,     3o    6 

45'* -4 

■      <S    9 

I3I77 

1      33    3 

96535 

'     30    9 

4'Mi*5 

■       16    0 

1256-6 

23    6 

37108 

1     3»    0 

47»7-3 

■      16    3 

1296^ 

a3    9 

37688 

'     31    3 

47937 

■f 


PURIFICATION. 

Impurities  In  Crude  Coat  Oas.— Thouj^'h  the  removal  of  any- 
thing which  otherwise  would  leave  the  j^as  impure  is,  strictly 
speaking",  an  act  of  purification,  and  purification  therefore  com- 
mences in  the  hydraulic  main  and  is  carried  on  from  this  point 
through  all  the  apparatus  preceding  the  purifiers,  the  word  puri- 
"cation  is  generally  used  as  meaning  the  process  whereby  the 
Carbonic  acid  and  compounds  containing  sulphur  are  eliminated 
from  the  gas. 


a 
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The   chief 


ities   that 


■ed    from   the   crude   ga^ 


removi 

belore  it  reaches  llie  puriiiers  proper  are  :  Aqueous  vapour,  tar, 
and  ammonia. 

The  aqueous  vapour  and  Lar  begin  to  condense  and  are  par- 
tially removed  in  the  hydraulic  main  and  pipes  leading  to  the 
condensinj^  apparatus,  where,  if  this  is  of  sufficient  capacity,  and 
otherwise  adapted  to  the  performance  of  the  work  required  of  it, 
the  tar  should  be  nearly  all  removed- 

Owin^  to  the  stront:^  affmity  of  ammonia  for  carbonic  acid  and 
for  sulphuretted  hydrot^en,  and  to  the  partial  solubility  of  these 
acid  radicals  In  water,  the  hydraulic  and  foul  mains,  condensers, 
washers,  and  scrubbers  are  also  cflicacious  in  removing  a  portion 
of  these  impurities  from  the  gas. 

The  gas  as  it  leaves  the  scrubbers  usually  contains  from  i.^  to 
jA  i>er  cent,  by  volume  of  carbonic  acid,  and  though  the  removal 
of  this  impurity  is  not  compulsory  by  statute,  its  elimination 
is  a  necessity  where  the  sulphur  compounds  are  to  be  dealt 
with.  Kurthcr,  the  presci;ce  of  i  per  cent,  of  carbonic  acid 
will  reduce  the  illuminating  value  of  gas  of  17-candle  power  by  at 
least  half  a  candle. 

The  impurities  containing  sulphur  are  of  two  kinds:  (t)  Sul- 
pluirelleti  hydroj^en  and  substances  such  as  bisulphide  of  carbon, 
which  yield  sulphuretted  hydrogen  on  bfing  passed  over  heated 
platinum  ;  (2)  substances  which  do  not  yield  sulphuretted  hydrogen 
under  the  above  condition,  but  which  arc  burnt  to  sulphuric 
acid.  The  sulphur  impurities  other  th;in  sulphuretted  hydrogen 
are  classed  as  sulphur  compounds. 

Without  at  present  entering  into  a  description  of  the  continuous 
processes  that  have  been  brought  forward  for  the  removal  of  the 
impurities  by  liquid  reagents  in  closed  vessels,  there  may  be  said 
Lo  be  two  systems  whereby  the  carbonic  acid  and  the  impurities 
containing  sulphur  are  removed — viz,,  purification  by  lime  and 
purilication  by  oxide  of  iron. 

Purification  by  Lime. — Lime^quick  or  caustic  lime — is  oxide 
of  calcium,  and  is  generally  obtained  by  subjecting  limestone, 
which  is  almost  pure  calcium  carbonate,  to  a  red  heat,  whereupon 
the  calcium  carbonate  is  decomposed,  carbonic  acid  gas  being 
expelled  and  oxide  of  calcium  left  as  a  residue. 

It  has  been  proved  that  dry  calcium  oxide  will  not  combine  to 


'Any  appreciable  extent  with  either  carbonic  acid  or  sulphuretted 
hydrog'en,  at  ordinary  temperatures  ;  but  if  the  quicklime  is  slaked 
with  a  slight  excess  of  water,  the  calcium  hydrate  will  rapidly 
nbsorb  carbonic  acid,  with  the  formaLiun  of  calcium  carbonate 
according'  to  the  equation — 

Ca(OH),  +  CO,  =  CaCO,  +  H,0 
Calcium  hydrate  also  absorbs  sulphuretted  hydrogen,  with  the 
formation    of   monosulphide   of  calcium    in    accordance   with   the 
equation — 

Ca(OH),  +  H^S  =  CaS  +  2H,0 
but  the  reaction  is  rather  slug'gish,  owing  to  the  monosulphide 
caking"  and  enclosing  particles  of  unaltered  hydrate. 

With  an  excess  of  wiiter  in  the  calcium  hydrate,  caJcium  hydro- 
sulphide  is  formed,  but  this  is  rapidly  decomposed  into  calcium 
hydroxy-hydrosulphide,  a  change  which  is  accompanied  by  the 
evolution  of  heat. 

Ca{OH)^vAq.  +  2H,.S  -  Ca(SH).,  +  ArAq.  +  2H..O 
■  Ca(SH)^VH20  =  CaSH(:)H  +  H.S 

"^  Bisulphide  of  carbon  is  not  absorbed  by  either  calcium  oxide 
or  calcium  hydrate,  and  neither  are  the  sulphide  or  hydrosulphide 
active  materials  in  its  elimination. 

The  active  material  for  the  absorption  of  bisulphide  of  carbon 
is  the  hydroxy-hydrosulphide  of  calcium,  which  combines  with  the 
bisulphide  of  carbon  to  form  calcium  thiocarbonate.  This  action 
is  accompanied  by  the  evolution  of  sulphuretted  hydrogen  according 

I  to  the  equation— 
2CaS  H  -OH  +  CS.,  -  Ca(OH)„CaCS,  +  H,.S 
3CaSH  OH  +  CS3  +  H  ,0  -  2Ca(OH),CaCSs  +  2H.S 
The  reason  of  the  occasional  inactivity  of  the  purifiers  set  aside 
fortheeliminationof  bisulphide  of  carbon,  is  that  too  much  sulphur- 
etted hydrogen  has  been  passed  into  the  Hme,  and  that  instead  of 
Ihe  active  hydroxy-hydrosulphide,  the  inactive  hydrosulphide  has 
been  formed. 
B        The   excess    of    sulphuretted    hydrogen    can    be    removed   by 
^"  breaking  up  the  lime  and  exposing  it  to  the  air,  or  by  allowing 
air  to  pass  through  the  purifier. 

It  is  well  known  that  in  lime  purification  carbonic  acid  drives 
the  sulphuretted  hydrogen  and  sulphur  compounds  before  itt 
decomposing  both  the  sulphides  of  calcium  and  the  thiosulphates 
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with  llitj  climinalion  of  sulphuretted  hydrog'en  and  bisulphide  o^ 
carbon  respectively,  and  the  formaLion  of  calcium  carbonate. 

When  the  foul  g'as  enters  a  clean  purifier  the  combination  o^^ 
the  lime  with  the  carbonic  acid  and  sulphuretted  hydrogen   pro- 
ceeds side    by  side,  only  the   bisulphide  of  carbon   being"  driven 
forward,  and  this  double  action  continues  as  long  as  there  is  left 
in  the  purifiers  any  uncombined  lime. 

But  when  the  box  has  become  fouled,  then  the  carbonic  acid 
decomposes  the  sulphide  of  calcium,  driving  forward  the  sul- 
phuretted hydrogen  as  previously  explained. 

Cream  or  milk  of  lime  was  used  in  purifyinj:^  in  the  early  days 
of  gas  manufacture,  and  though  this  was  thoroughly  efficient,  and 
is  probably  the  most  economical  method  of  employing  the  lime, 
it  has  been  generally  discarded  on  account  of  the  obnoxious 
character  of  the  refuse  material,  *' blue  billy,"  as  it  was  called, 
and  the  difficulty  of  getting  rid  of  it. 

The  lime  should  be  prepared  by  being  slaked  with  clean  water 
a  day  or  two  before  it  is  required  for  use.  If  placed  in  the 
trifiers  before  this  necessary  interval  has  elapsed,  ft  is  liable  to 
ike  or  become  more  compact  than  it  otherwise  would.  On  the 
other  hand,  hydrate  of  lime  absorbs  carbonic  acid  from  the  atmo- 
sphere, and  its  purifying  power  rs  nullified  in  proportion  to  the 
extent  of  such  absorption.  It  should  not,  therefore,  be  prepared 
for  any  great  length  of  time  before  it  is  needed. 

It  is  a  mistake  to  place  the  prepared  lime  in  the  purifiers  in  a 
comparatively  dry  and  almost  powdery  state.  Lime  used  in  this 
condition  is  less  effective  than  when  thoroughly  moistened.  It 
is  also  a  wasteful  method  of  using  the  lime,  as  a  large  proportion 
of  the  material  will  be  found  unspent  and  almost  untouched  by 
the  impurities,  when  the  vessel  requires  to  be  changed.  The 
finely  divided  lime  is  also  more  liable  to  cake  than  the  other^  and 
thus  increase  the  back  pressure.  When  the  production  of  gas 
is  great,  as  in  the  depth  of  winter,  these  disadvantages  are 
strongly  felt. 

The  lime  should  be  weM  watered.  A  hose  pipe  or  india-rubber 
tube>  terminating  in  a  copper  spreader  or  rose,  is  useful  for  this 
purpose.  It  should  then  be  passed  through,  by  being  thrown 
against,  a  screen  made  either  of  parallel  steel  rods  J  in.  thick 
and    I    in.  apart,  or  of  strong  wire   having  i-in.  square  meshes. 
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This  not  only  removes  the  stones  or  flints  which  are  less  or  more 
present,  but  it  gfives  a  granular  character  to  the  prepared  material, 
in  which  condition  it  best  performs  its  work  in  the  purlticrs. 

Mr.  Hislop  has  patented  a  process  of  calcination  in  suitable 
kilns,  by  which  the  spent  lime  is  converted  into  quicklime  to  an 
almost  unlimited  extent,  and  at  considerably  less  cost  than  new 
lime.  A  nuisance  is  thus  got  rid  of,  and  farther  economy  in 
purification  efl^ected. 

Purification  by  Oxide  of  /ron.— Oxide  of  iron  possesses  the 
property  of  combining  with  sulphuretted  hydrogen,  but  it  has  no 
aflinity  for  carbonic  acid  and  bisulphide  of  carbon  ;  hence  when 
this  oxide  is  used  exclusively,  the  two  latter  -  named  impurities 
are  still  present  in  the  gas  as  supplied  from  the  holders.  This 
remark,  however,  needs  some  qualification.  As  oxide  of  iron, 
pure  and  simple,  it  has  no  affinity  for  bisulphide  of  carbon  and 
other  sulpho-carbon  compounds^  but,  from  the  observations  made 
at  the  several  Metropolitan  gas-works,  Mr.  R.  H.  Patterson  (one 
of  the  Referees)  deduced  the  interesting  fact  that  the  sulphur 
which  is  present  in  a  state  of  minute  division  in  the  oxide  of  iroHi 
after  the  latter  has  been  in  use  for  some  time  and  frequently  revi- 
vified, possesses  the  power  of  arresting  a  portion  of  the  bisulphide 
of  carbon. 

The  hydratcd  peroxide  of  iron  may  be  either  the  natural  oxide, 
bog-iron  ore  as  it  is  called,  found  largely  deposited  in  some  of  the 
lx>gs  in  Ireland  and  elsewhere,  or  the  artificial  oxide  obtained 
as  a  waste  product  from  various  processes  of  the  manufacturing 
chemist. 

Oxide  of  iron  possesses  this  advantage  over  lime  :  After  it  has 
been  in  the  purifier,  and  has  taken  up  its  quantum  of  sulphuretted 
hydrogen,  it  can  be  revivified  on  exposure  to  the  air.  Acrordingly, 
when  this  material  is  used,  a  floor  has  to  be  provided  on  which 
it  can  be  spread  out  and  turned  over  for  revivification.  At  the 
Manchester  Gas-Works,  a  horse  and  plough  are  employed  for 
turning  over  the  foul  oxide. 

When  taken  out  of  the  purifier  it  is  sulphide  of  iron,  of  a 
dense  black  ;  and  after  exposure  it  changes  to  its  original  reddish 
brown  colour,  oxygen  having  been  taken  up  and  stilphur  deposited 
in  the  free  state  in  the  mass.  When  the  sulphur  js  found  in  it 
to  the  extent  of  about  40  to  Cx)  per  cent,  by  weight  (the  proportion 
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depending'  on  the  quality  of  the  oxide],  the  material  is  sold  to  the^ 
maiiufucturing^  chemist,  and  replaced  by  fresh  oxide. 

In  using"  fresh  oxide  of  iron,  it  is  necessary  to  exercise  certair^ 
precautions.     The   foul   material,  on   its  exposure  to   the   air  for^ 
the  first  two  or  three  times,  absorbs  oxygen  so  rapidly  as  often  to 
tifcneratc  very  intense  heat,  the  whole  mass  frequently  becomings  red 
hot*     Should  this  occur  m  the  purifiers,  the  danger  is  consider- 
able, and  the  wood  g:nds  may  be  completely  destroyed.     When- 
ever,   therefore,   a   purifier  containing  such   new  oxide   has   been 
put  out  of  action,  it  should  be  empiieii  toiihoitl  delay.     The  danger 
of  ignition  may  be  overcome   by  mixing    the    new  oxide   with  a 
proportion  of  the  spent. 

Foul  oxide  should  not  be  spread  out  immediately  on  being 
removed  from  the  purifiers.  If  it  is  allowed  to  remain  in  the 
heap  for  a  space  of  twelve  to  twenty-four  hours,  and  then  dis- 
tributed over  the  floor,  the  revivification  is  more  complete,  whilst 
the  liability  to  ignition  is  reduced. 


Average  Composition  of  the  Richer  Descriptions  of  Native  Bog  Ore 
for  Purifying  Purposes^  dried  at  212°  Fahr.  f  King's  Treatise  J, 


Ferric  oxide 
Organic  matter 
Silica 
Alumina  . 


60  to  70  per  cent. 

J5  to  ^5         .1 
4  to  6  ,, 

I 
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As  generally  used,  the  material  contains  30  10  40  per  cent,  of 
water. 

Weldon  Mud. —As  a  substitute  for  oxide  of  iron  for  the 
removal  of  sulphuretted  hydrogen  the  bye-product  from  the  manu- 
facture of  bleaching  powder,  commonly  called  Weldon  mudj  may 
be  used. 

The  Weldon  mud  as  taken  from  the  bleach-works  is  unsuitable 
for  use  in  a  purifier  owing  to  the  superabundant  amount  of  water 
contained  in  it»  and  also  to  the  presence  of  a  large  percentage  of 
calcium  chloride,  which  attracts  more  water  owing  to  its  deli- 
quescent nature,  and  so  forms  a  sloppy  mixture  in  the  purifiers. 

To  overcome  this,  the  Weldon  mud  is  washed  until  only  a 
small  percentage  of  calcium  chloride  is  left,  and  then  partially 
dried.  The  mud  as  then  prepared  for  the  purifiers  contains  about 
50  per  cent,  of  water,  30  per  cent,  of  manganese   dioxide,  and 
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20  per  cent,  of  a  mixture  chiefly  composed  of  mftnganese  mon- 
oxide, lime,  calcium  chloride,  and  silica. 

The  chief  advantag"e  claimed  for  VVeldon  mud  over  oxide  of 
iron  is  its  superior  absorbent  power.  Like  oxide  of  iron,  it  can  be 
easily  revivified  either  in  siiu  or  in  the  ordinary  manner. 

Systems  of  Purification,  —  l-imc  alone,  or  lime  and  oxide  of 
iron,  when  properly  applied,  are  capable  of  freeing  the  gas  entirely 
of  the  whole  three  impurities,  carbonic  acid,  sulphuretted  hydro- 
gen, and  bisulphide  of  carbon.  This  brings  us  to  a  consideration 
of  the  different  systems  whereby  the  purifying  material  is  applied. 

In  works  where  there  are  no  statutory  restrictions  as  to  the 
amount  of  sulphur  impurities  other  than  sulphuretted  hydrogen 
in  the  purified  gas,  it  is  rarely  that  any  special  precautions  are 
taken   for  the  removal  of  these  impurities. 

There  are  other  works,  again,  where  the  carbonic  acid  is  not 
removed  from  the  gas,  though,  as  has  been  previously  stated,  to 
the  detriment  of  the  illuminating  power. 

Beginning  with  the  lowest  degree  of  purification — viz,,  the 
removal  of  sulphuretted  hydrogen  alone,  the  method  usually 
adopted  is  that  of  four  vessels  filled  with  oxide  of  iron,  and 
worked  on  the  rotation  system,  three  vessels  always  '*  on,"  and 

tone  "off"  for  renewal. 
For  the  removal  of  carbonic  acid  and  sulphuretted  hydrogen 
there  are  two  systems  in  vogue. 

First,  by  the  use  of  lime  alone  in  four  vessels  worked  on  the 
rotation  system  ;  or,  second,  by  the  use  of  four  vessels  charged 
with  oxide  of  iron  for  the  removal  of  the  sulphuretted  hydrogen, 
followed  by  two  vessels  charged  with  lime  for  the  removal  of 
carbonic  acid. 

Where  it   is  necessar)*  that  the  sulphur  impurities  should   be 

•  removed  as  well  as  the  carbonic  acid  and  sulphuretted  hydrogen, 
the  method  of  purifying  expounded  by  the  Referees  in  their  report 
to  the  Board  of  Trade  on  sulphur  purification  at  the  Beckton  Gas 
Works,  January  31st,  1872;  and  also  by  Dr.  Odling.  somewhat 
H  more  in  detail,  in  his  lecture  on  Sulphide  of  Carbon,  delivered  at 
^  the  annual  meeting  of  the  British  Association  of  Gas  Managers, 
held  in  London  in  June,  1872,  may  be  adopted. 

To  accomplish  this  perfect  purification  in  accordance  with  the 
suggestions    made    by   Dr,    Odling,    three   sets    of   purifiers   are 
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required  ;  the  gus  passing  through  the  first  set  Into  the  second, 
and  on  to  tlie  third,  from  which  it  makes  its  exit  through  the 
station-meter  into  iIm-  holders.  The  modus  operatidi  is  as 
follows  : — 

Let  it  be  assumed  that  three  sets  of  purifiers,  consisting  of 
four  vessels  each,  arc  employed.  Nine  of  these  are  constantly 
in  action,  three  being  at  rest  (one  from  each  set),  for  the  purpose 
of  changing  or  revivifying  the  purifying  material. 

The  first  and  second  sets  are  charged  with  lime,  the  third  set 
with  oxide  of  iron. 

Say  the  whole  nine  are  newly  charged.  On  the  gas  from  the 
scrubbers  entering  the  first  set,  the  lime  is  acted  on  by  the 
carbonic  acid  and  sulphuretted  hydrogen  simultaneously,  leaving 
the  bisulphide  of  carbon  at  the  beginning  of  the  process  to  pass 
unabsorbed,  After  they  have  worked  for  some  time  the  sul- 
phuretted hydrogen  in  the  iirst  set  is  gradually  expelled  by  the 
incomhig  carbonic  acid,  for  which  the  lime  has  a  stronger  aflfinity. 
The  second  set  is  now  being  fouled  with  sulphuretted  hydrogen, 
the  IJme  being  wholly  or  in  part  changed  in  character,  having 
become  sulphide  of  calcium,  in  which  state  it  has  an  affinity  for, 
and  consequently  arrests,  the  bisulphide  of  carbon;  whilst  the 
unabsorbed  sulphuretted  hydrogen  passes  on  to  be  taken  up  by 
the  oxide  of  iron  with  which  the  final  set  of  purifiers  is  charged. 
By  the  application  of  the  proper  tests  at  the  several  sets  of  puri- 
fiers, the  time  for  changing  the  materia!  is  ascertained. 

The  system  adopted  at  the  London  Works,  and  known  as  the 
Beckton  System,  is  probably  the  most  perfect  for  the  removal  of 
all  the  impurities.  It  consists  of  four  sets  of  vessels,  each  set 
being  worked  on  the  rotation  system.  The  first  set  is  filled  with 
lime  for  Ihc  removal  of  carbonic  acid,  the  second  set  with  oxide 
of  iron  for  the  removal  of  sulphuretted  hydrogen,  the  third  set 
with  lime  for  the  removal  of  bisulphide  of  carbon,  and  the  fourth 
set  with  lime  for  the  final  elimination  of  any  sulphuretted  hydrogen 
from  the  sulphide  of  lime  boxes. 

The  foul  gas,  after  it  has  passed  through  the  first  boxes,  and 
whilst  charged  with  sulphuretted  hydrogen,  is  allowed  to  enter 
the  third  set  of  purifiers  until  the  lime  in  these  has  become 
siilTiciently  sulphided  for  the  removal  of  the  bisulphide  of  carbon, 
when  \\  is  made  to  enter  the  second  set  for  the  removal  of  the 
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sulphuretted  hydrogen,  and  then  on  to  the  third  set  for  the  removal 
of  the  bisulphide  of  carbon.  As  has  been  previously  explained, 
the  formation  of  thiocarbonate  of  calcium  in  the  sulphide  boxes  is 
always  accompanied  by  an  evolution  of  sulphurelted  hydrogen* 
which,  in  this  case,  passes  on  with  the  gas  into  the  last  set  of 
boxes.  These  are  never  allowed  lo  become  more  than  slightly 
fouled  before  they  are  renewed;  the  half-fouled  material  being 
transferred  to  either  the  first  or  third  set  for  further  use. 

The  question  of  supplying  gas  entirely  free  from  sulphur  in 
any  form  is  a  formidable  one  for  gas  authorities  ;  not  so  much 
because  of  the  cost  (though  that  is  considerable)  of  erecting  the 
additional  sets  of  purifiers,  as  from  the  difliculty  of  providing  the 
necessary  ground  space  for  their  erection.  In  new  works  about 
to  be  constructed  the  thing  is  easily  arranged  ;  but  in  the  majority 
of  works  already  established  it  would  not  be  easy  to  carry  the 
system  into  effect. 

As  regards  the  question  of  cost,  a  careful  estimate  shows  that 
to  adopt  the  extended  method  of  purifying  as  enunciated  would 
entail  an  outlay  of  additional  capital  equivalent  lo  close  upon  2d. 
per  looo  cub.  ft.  of  gas  sold. 

The  Use  of  Air  in  Purification.  — Hy  drawing  in  a  measured 
quantity,  say  ih  to  3  per  cent.,  of  air  at  the  inlet  to  the  condenser, 
revivificallon  of  the  oxide  of  iron  in  situ  can  be  effected  to  a  large 
extent. 

The  purifiers  are  thus  made  to  continue  in  use  for  a  greater 
length  of  time  without  changing,  whilst  tt  is  remarkable  that  the 
oxide  by  this  process  can  be  charged  with  as  much  as  75  per  cent. 
of  free  sulphur. 

Purifiers  with  a  proportionately  large  area  in  comparison  with 
the  make  of  gas  are  required  to  obtain  the  full  advantage  of  this 
process. 

In  adopting  the  air  process,  two  layers  of  oxide  are  preferable 
to  one  deep  layer.  Owing  to  the  heat  generated  by  chemical 
action,  as  well  as  to  tht;  deposition  of  the  sulphur,  a  considerable 
increase  or  expansion  in  the  bulk  of  the  material  takes  place  in  the 
purifiers,  and  it  is  necessary,  therefore,  to  allow  ample  room  for 
the  oxide  to  expand.  A  space  of  several  inches  should  be  allowed 
between  the  two  layers,  and  the  surface  of  the  upper  layer  should 
be  at  least  3  in.  below  the  edge  of  the  water  lute. 
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The  Use  of  Pure  Oxygen  in  Purification, — The  chief  objec* 
lion  to  the  use  of  air  for  revivifying^  the  oxide  of  iron  iit  si/u  is  the 
importation  of  a  considerable  volume  of  the  inert  gas  nitrogen 
into  the  gas,  reducing"  the  luminifcrous  value  of  the  latter,  unless 
counteracted  by  some  carburetting  process. 

It  is  obvious  that  if  pure  oxygen  is  employed  instead  of  atmo- 
spheric air,  the  objection  stated  will  be  overcome.  The  cost  of 
producing  oxygen,  however,  rendered  its  use  prohibitory  for  this 
purpose  until  the  advent  of  Brin's  process  for  the  production  of 
pure  oxygen  from  atmospheric  air  on  a  commercial  scale  and  at  a 
cheap  rate. 

In  a  valuable  paper  read  before,  the  Gas  Institute  in  1888,  Mr. 
Valon  gave  an  interesting  description  of  a  series  of  careful  experi- 
ments carried  out  by  him  to  test  the  value  of  the  system  of  adding 
pure  oxygen  to  the  gas  in  the  process  of  purification  by  oxide  of 
iron  or  lime. 

The  oxygen  was  admitted  at  the  exhauster  outlet  by  a  pipe 
connected  to  a  wet  meter  to  register  the  quantity  passing,  and  to 
a  small  holder  in  which  the  oxygen  was  contained. 

The  quantity  of  oxygen  passed  into  the  oxide  was  "i  per  cent, 
by  volume  for  every  100  gr.  of  sulphuretted  hydrogen  per  100 
cub.  ft.  of  gas. 

There  was  found  to  be  an  increase  in  luminosity  of  about 
5  per  cent.,  whilst  the  purification  was  conducted  with  less 
than  the  usual  quantity  of  purifying  material  and  purifying 
space. 

Using  lime  only  in  the  purifiers,  the  results  were  still  more 
satisfactory.  It  was  found  that  the  sulphur  was  deposited  in  the 
solid  form,  the  lime  being  perfectly  carbonated. 

The  sulphur  compounds  were  kept  down  to  an  average  of  6  to 
8  gr.  per  100  cub.  ft.,  and  the  illuminating  power  of  the  gas  was 
raised  by  i'25  per  cent. 

In  order  to  obtain  the  pure  oxygen  by  Brin*s  process,  air  is  first 
deprived  of  its  carbonic  acid  and  moisture  by  being  drawn  by 
a  pump  through  chambers  containing  Hme  and  caustic  soda,  and 
the  same  pump  forces  it,  under  a  pressure  of  about  one  atmo- 
sphere, through  barium  oxide,  contained  in  steel  retorts  8  in.  in 
diameter,  heated  in  brick  furnaces  to  a  dull  red  heat  by  producer 
gas.     At  this  temperature  the  barium  oxide  absorbs  a  large  pro- 
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portion  of  the  oxygen  contained  in  the  air,  and  is  converted  into 
barium  peroxide  ;  the  nitrogen,  and  any  unabsorbed  oxygen, 
escaping  through  a  relief  valve  at  the  oilier  end  of  the  retorts. 
MVhen  the  barium  oxide  is  sufficiently  peroxidized,  the  temperature 
■iof  the  retorts  is  raised  to  bright  red,  and  the  pumps,  by  the 
changing  of  the  valves,  are  converted  into  vacuum  pumps  ;  there- 
upon the  absorbed  oxygen,  under  the  influence  of  the  higher 
temperature  and  reduced  pressure^  is  given  off  again,  and  dis- 
charged by  the  pumps  into  the  gasholder.  The  retorts  containing 
the  restored  barium  oxide  are  allowed  to  cool  to  their  previous 
dull  red  temperature,  when  the  barium  oxide  is  again  ready  to 
abstract  a  fresh  supply  of  oxygen  from  the  air.  With  due  care, 
and  under  proper  conditions,  there  seems  to  be  practically  no 
limit  to  the  number  of  operations  which  may  be  effected  by  the  one 
charge  of  barium  oxide. 

Such  was  the  method  of  working  at  the  time  when  Mr.  Valon 
read  the  paper  referred  to.  The  practical  process,  however,  as 
since  perfected  by  him,  and  the  one  in  use  wherever  Brin's  method 
of  obtaining  oxygen  is  relied  on,  is  to  muinluln  the  retorts  con- 
taining the  barium  at  one  temperature,  say  about  1250"  to  1300*. 
When  the  air  is  being  pumped  into  the  retorts  it  is  kept  under  a 
pressure,  governed  by  a  safety  valve,  of  about  15  lbs.  to  the  square 
inch  ;  and  when  the  pumps  are  reversed  the  pressure  is  converted 
into  a  vacuum  of  15  lbs.  This  alternate  pressure  and  vacuum  is 
governed  by  an  automatic  arrangement  attached  to  the  eccentric 
of  the  engine  driving  the  air  pump,  so  as,  in  point  of  time,  to 
pump  fn  for  two  minutes  under  pressure,  and  to  pump  out  for 
three  minutes  under  vacuum;  each  complete  operation  thus  taking 
about  five  minutes. 

The  reason  for  keeping  the  retorts  at  one  temperature  is  to 
overcome  the  difhcullies  attending  the  alternate  raising  and  lower- 
ing of  the  heats  two  or  three  hundred  degrees,  as,  in  practice, 
nothing  has  yet  been  devised  capable  of  withstanding  such  varia- 
tions in  temperature. 

No  doubt,  as  Mr.  Valon  says,  the  latter  is  the  ideal  way,  which, 
in  practice,  cannot  be  carried  out.  The  only  drawback  to  adopting 
the  new  and  practical  method  of  working  is  that,  while  as  much 
oxygen  can  be  got  out  in  the  same  given  time,  the  purity  cannot 
be  maintained  at  as  high  a  standard.     By  alternately  heating  and 


cooling  it  is  possible  to  get  95  per  cent,  of  purity;  with  the  pumps 
about  88  per  cent. 

The  cost  of  the  oxygen  obtained,  including  interest  oti  capital 
for  plant,  wear  and  tear,  and  all  manufacturing  expenses,  is  given 
by  Brin's  Company  at  5s.  per  looo  cub.  ft. 

Other  Methods  of  Purification.  ^Coni\niious  purification, 
like  continuous  carbonization,  is  a  dream  of  both  chemists  and 
gas  engineers  which  has  not  yet  been  realized.  Various  attempts 
have  been  made  to  accomplish  it,  but  hitherto  without  success. 
The  processes  suggested  and  tried  are  full  of  interest,  and  it  is 
worth  while  referring  to  them. 

The  laie  R.  H.  Patterson  patented  a  process  of  purifying  by 
washing  or  scrubbing  the  gas  in  solutions  of  caustic  soda  and 
sulphide  of  sodium,  extracting  the  carbonic  acid  and  sulphur 
impurities,  and  so  dispensing  altogether  with  the  ordinary  lime 
and  oxide  of  iron  purifiers.  The  soda  sohitions,  when  saturated 
with  the  impurities,  possess  the  important  quality  of  being  easily 
and  perpetually  revivified  or  restored  to  their  original  state  on  the 
gas-works,  whilst  the  whole  of  the  sulphur  is  secured  for  sale. 
The  plan,  however,  has  not  been  tried  on  an  adequately  large  scale. 

Attempts  have  been  made  by  Laming.  Livesey,  F.  C.  Hills,  and 
others,  to  purify  the  gas  in  closed  vessels  by  employing  the 
ammonia  found  in  the  gas  for  arresting  the  other  impurities. 
Unfortunately,  the  loss  of  ammonia  at  each  time  of  desulphurating 
the  liquor,  owing  to  its  extreme  volatihiy,  prevented  success  in 
this  direction  under  the  conditions  adopted. 

Clauses  Process. — This  process  of  continuous  purification  in 
closed  vessels,  though  not  hitherto  practically  successful,  is  of 
such  importance  and  promise  as  to  merit  a  detailed  description. 

The  crude  ammoniacal  liquor,  consisting  of  sulphide  of 
ammonium  and  carbonate  of  ammonia,  is  passed  through  a  series 
of  lowers,  wherein  it  is  exposed  to  the  action  of  carbonic  acid 
(obtained  as  described  below),  whereby  the  sulphide  of  ammonium 
is  decomposed,  sulphuretted  hydrogen  being  liberated,  and  car- 
bonate of  ammonia  remaining  alone. 

The  sulphuretted  hydrogen  passes  through  and  out  of  the 
towers  in  the  opposite  direction  to  that  in  which  the  crude  liquor 
travels,  and  is  disposed  of  in  the  manner  described  liereafter, 
whilst  the  carbonate  of  ammonia  solution   passes   forward  into 
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other  towers  in  which  it  is  heated  to  a  temperature  of  i8o'  to  200* 
Falir. 

At  this  temperature  the  carbonate  of  ammoiiiat  of  a  streng"th 
equal  to  10  or  15  oz.  liquor,  loses  two-thirds  or  three-fourths  of 
its  carbonic  acid,  and  a  corresponding  quantity  of  caustic  ammonia 
remains  in  the  liquor  passing*  from  these  towers. 

As  only  a  portion  of  the  carbonic  acid  evolved  in  the  heating 
vessel  or  lowers  is  required  for  the  above-mentioned  decomposi- 
tion of  sulphide  of  ammonium,  thi!  surplus  is  allowed  to  escape  in 
a  regulated  quantity,  and  may  be  used  for  other  purposes  forming 
part  of  the  process. 

The  sulphuretted  hydrogen,  after  leaving  the  lowers,  is  con- 
veyed to  a  closed  furnace  charged  with  oxide  of  iron,  where  a  low 
incandescent  heat  is  generated  and  maintained  by  the  admission 
of  a  regulated  supply  of  air. 

The  oxide  of  iron,  once  heated,  continues  to  absorb  the 
sulphuretted  hydrogen,  which,  owing  to  the  continual  admission 
of  air,  is  evolved  in  the  form  of  sulphur,  in  finely  divided  particles, 
which  is  carried  off  and  caught  in  chambers,  so  that  the  oxide 
does  not  require  revivification,  and  the  same  quantity,  kepi  hot  by 
continual  working,  goes  on  indefinitely  decomposing  the  sulphur- 
etted hydrogen  sent  through  it. 

The  purified  ammoniacal  liquor  is  then  passed  dowji  distilling 
towers,  into  which  steam  is  admitted,  driving  off  the  ammonia  gas 
at  the  top,  which  is  passed  througfi  cooling  chnmbers  where  any 
carbonate  of  ammonia  carried  with  it  deposits  in  crystals. 

Thence,  as  much  of  the  ammonia  gas  as  is  required  for  the 
purposes  of  purification  passes  with  the  coal  gas  into  a  chamber, 
where  they  are  allowed  sufficient  lime  to  mix. 

The  gas  is  then  passed  through  scrubbing  lowers,  where  all 
the  impurities  are  washed  out  in  the  liquor,  which  may  be  obtained 
of  40  to  50  oz.  strength  if  nujuired. 

Any  surplus  ammonia,  being  perfectly  purr,  can  be  used  for 
making  any  of  the  salts  of  ammonia  desired. 

The  liquor  flowing  from  the  bottom  of  the  distilling  towers 
contains  sulphocyanide  of  ammonium,  and  may  be  used  over 
and  over  again  in  the  scrubbers  instead  of  waler>  until  the 
sulphocyanide  accumulates  to  such  a  strength  as  to  make  it 
markctably  valuable  for  chemical  manufacture. 


^ 


136 


NEWBIGGINU'S   HANDBOOK   FOR 


Purifying  House. — The  house  to  contain  the  purifiers  should 

be  lofty  and  well  ventilated, 

not  only  for  the  comfort 
of  the  workmen  employed 
therein,  but  to  lessen  or  en- 
tirely remove  the  risk  of  ex- 
plosion from  any  leakage 
of  gas  that  might  occur. 
Efficient  ventilation  of  the 
pLirlfyint;^  house  is  best  at- 
tained by  having  one  side  of 
the  house  entirely  open,  the 
roof  being  carried  on  braced  girders  supported  at  various  points 


Ku-  73- 
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by  cast-iron  columns  or  steel  stancheons.     The  house  should  also 
be  arranged  with  a  view  to  future  extension. 


W       It  is  a 
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It  is  a  convenient  plan  to  build  the  house  with  a  gpround  and 
upper  floor,  and  to  place  the  purifying  vessels  on  the  latter  with 
the  connections  and  centre  or  other  valves  underneath  and  fully 
exposed  and  accessible.  The  ground  floor  can  thus  be  used  for 
revivifying-  the  oxide  of  iron,  if  that  material  is  employed,  or  for 
other  purposes  (Figs.  73  to  78). 


The  vessels  are  discharged  through  an  opening  in  the  bottom 
of  each,  closed  by  a  gas-tight  lirl,  and  the  fresh  material  is  raised 
by  means  of  an  endless  chain  ladder,  or  other  suitable  elevating 
apparatus,  to  the  floor  above  (Figs.  76  to  78). 

Purifiers, — The  purifying  vessels  are  almost  invariably  made 
<of  cast-iron,  with  sheet-iron  covers  secured  with  suitable  fastenings 
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lo  prevent  their  being"  lifted  by  the  inflowing  g-as  pressing  o^ 

under  surface.  I 

Malam's  arrangement  of  four  in  the  set,  with  connection? 


Kit:.  77 


a  centre  valve  (Fig.  79),  by  which  three  of  the  vessels  are 
in  action  and  one  out  of  use  for  renewal  of  the  purifying  mat 


Fk:.  78. 

is  still  generally  adopted,  and  is  the  simplest  and  most  conve 
In  some  works  a  second  set  of  two  purifiers  is  used  In  addtt 
the  series  of  four,  and  these  are  connected  together,  and  t 
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others,  with  single  or  four-way  valves  (Fi^s.  75  and  79).     Under 
this  arrangement  the  set  of  four  is  charged  with  oxide  to  arrest 


Tn^ulphuretted  hydrogen,  and  the  set  of  two  with  lime  to  take 
up  the  carbonic  acid,  the  gas  passing  through  them  in  the  order 
shown. 


Fjg.  79, 
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The  ordinary  and  best  form  of  purifier  is  the  square  or  oblong  ; 
this  shape  is  the  cheapest,  aflbrds  the  largest  area  for  the  space 
occupied,  and  is  also  the  most  convenient  as  regards  the  placing" 
of  the  trays  or  grids. 

The  usual  depth  of  purifiers  is  5  ft.  ;  in  some  large  gas-work^ 
they  are  6  ft.  deep. 

Purifiers,  say,  20  ft.  square  and  upwards,  should  have  two  of 
more  tie-rods  of  round  wrought-iron  stretcliing  across  them  fron* 
side  to  side,  at  the  upper  part  of  the  lute,  to  support  the  sides 
under  the  strain  to  which  they  are  often  subjected  by  the  expansion 
of  the  contained  oxide  of  iron,  especially  where  the  air  process 
previously  described  (p.  131)  is  in  operation.  These  lies  should 
be  removable,  having  an  eyelet-hole  at  both  ends,  fitting  into  a 
forked  piece,  also  furnished  with  eyelet-holes,  bolted  to  the 
vertical  flanges,  and  secured  by  an  easy-fitting  bolt  or  pin. 

Greenes  Purifiers, — The  construction  of  purifiers  as  invented 
by  Mr.  Henry  Green,  of  Preston,  is  one  possessing  many  ad- 
vantages over  the  ordinary  water-luted  purifier,  not  the  least 
of  which  is  the  increase  in  the  available  purifying  area  by 
its  adoption. 

The  feature  in  which  Green's  purifier  differs  from  purifiers  as 
ordinarily  constriirted  Is  that  with  regard  to  the  lid  or  cover  and 
its  attachment  to  the  lop  of  the  purifier  (Kig.  80). 

The  lids  arc  constructed  with  an  outer  curb  of  angle  or  T-steel 
with  cross  members  of  H-steel  and  the  whole  covered  with  steel 
sheets  Ys  ^^'  thick,  securely  riveted  to  the  curb  and  cross 
members.  They  are  usually  made  between  ro  and  15  ft.  square, 
there  being  two,  three,  or  four  lids  to  each  purifier,  as  the  size 
of  the  latter  permits. 

The  space  between  each  lid  and  between  tlie  lids  and  the  outer 
edge  of  the  purifier  is  covered  by  cast-iron  plate  gangways  2  or 
3  ft.  wide,  the  inner  edge  of  the  gangway  being  returned  up  and 
planed  to  a  true  level. 

To  the  lower  side  of  the  angle  steel  curb  on  the  lid  a  strip  of 
india-rubber  about  2J  in.  wide  by  J  in.  thick  is  secured,  and  this, 
when  the  lid  is  let  down  on  to  the  purifiers,  rests  upon  the  planed 
edge  of  the  gangway. 

To  prevent  the  lid  lifting  when  the  gas  is  turned  into  the 
purifier,    suitable    lugs    and    fastening  arrangements   arc   placed 
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round  the  lid  for  securintj  the  same  to  the  gangways.     These  lugs 
flatten  out  the  india-rubber  and  so  secure  a  ^as-ti^ht  joint. 

The  capacity  or  purifyinj^^  power  of  the  vessels  is  determined 
more  by  their  superficial  area  thiin  their  cubical  volume.  There 
is.     however,  a  mutual   relation   between   the   two,   as,   when   the 


K 
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depth  is  increased  and  fully  utilized,  the  surface  area  has  to  be 
roporlionately  au^mentcH,  on  accoimt  of  the  resistance  offered 
ly  the  deeper  material  to  the  flow  of  the  g'as.  It  is  more  strictly 
correct,  then,  to  say  that  the  superficial  area,  in  proportion  to  the 
depth  of  the  purifying^  material,  is  the  g-auge  of  the  capacity  or 
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purifying"  power  of  the  vessels  ;  and  the  maximum  hourly  or  daily 
^as-make  of  which  the  works  arc  capable  should  form  the  basv* 
of  any  calculation  to  determine  their  size. 

One  of  the  chief  conditions  for  securing  satisfactory  purification 
is  the  use  of  vessels  of  large  area.     If  economy  and  eHiciency  3-'^ 

be  considered,   iivie  is  an  important  element,   and   must  r»*^ 
be  disregarded.     The  mere  passing  of  the  gas  throug"h  the  pu  '^^' 
(y\v\^  media  is  not  sufikient  in  itself  to  insure  good  results  ;  tin"»    *^' 
or,  what   is   the  same   thing^  in   this  case,  leng"lhened  contact,         ^^ 
required  for  chemical  affinity  to  operate. 

Rule  for  the  Size  of  Purifiers. — In  determining  the  size  ^    '^ 
purifiers,  where  either  dry  lime  or  oxide  of  iron  is  intended  to 
used,  it  is  of  the  utmost  importance  to  provide  a  liberal  superfici^ 
area,  and  to  make  ample  allowance  for  increased  gas-make. 

One  of  the  g-realest  sources  of  discomfort  to  a  gas  manager  S 
having  his  purifiers  so  cramped  and  confined  in  their  area  as  t- 
be  incapable  of  doing  the  work  required  in  an  efficient  manner. 

Where    there   is  intended    to   be   four  purifiers,    three  always- 
in  action,  the  maximum  daily  (twenty-four  hours)  make  of  gas 
expressed  in  thousands,  multiplied  by  the  constant   '6,   will  give 
the  superficial  area  in  feel  of  each  purifier. 

Example, — Required  the  superficial  area  of  each  of  the  foui^ 
purifiers  in  a  works  equal  to  the  production  of  500,000  cub.   ft. 
of  gas  per  diem  of  twenty-four  hours. 

500  X  '6=300  fl.  superficial  area  of  each  purifier. 
V'300=  17*3  (say  18)  ft.  side  of  square  of  purifier. 

For  very  small  works  where  there  is  no  exhauster,  the  constant 
•8  may  be  employed  with  advantage. 

Water  Lutes. — The  evils  of  contracted  area  in  purifiers  are 
aggravated  by  having  a  shallow  seal  to  the  lids  or  covers  and 
the  hydraulic  centre  valve—  if  such  be  used. 

In  small  works  the  lute  should  never  be  less  than  12  in.  deep 
by  4A  in,  wide  ;  and  in  medium-si/ed  and  large  works,  from  18  to 
30  in.  in  depth  by  6  to  8  in.  in  width. 

Ample  depth  of  water  lute  is  especially  important  where  the 
back  pressure  is  increased  by  the  use  of  telescopic  holders. 

Layers  of  Purifying  Material. — In  puriliers  charged  with 
hydrate  of  lime,  there  may  be  two  or  four  tiers  of  sieves.  The 
lime  spread  upon  Iheir  surface  may  be  from  4  to  8  in.  in  depth. 
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When  oxide  of  iron  is  used^  the  layers  may  be  two  in  number 
and  the  material  15  to  20  in.  deep  on  each. 

It  is  a  mistake  to  adopt  the  phin  of  placing  cither  the  lime  or 
oxide  in  a  single  deep  layer.  The  gas  is  apt  to  form  passages 
through  the  deep  material  ;  whereas  when  there  are  two  or  more 
layers  of  less  depth,  it   recovers    itself  and    changes   its   course 

■through  each. 
SieveSf  Trays,  or  Grids, — Round  wrought-iron  rods,  j  of  an 
inch  thick,  bound  together  with  a  framing  of  angle 
or  flat  iron,  make  an  excellent  tray,  especially 
where  lime  is  used  ;  they  are  less  suitable  for 
oxide  of  iron,  which  destroys  them  by  corrosion, 
though  when  made  of  the  strength  named,  they 
last  for  many  years.  They  possess  a  great  ad- 
vantage over  most  other  trays  in  the  smaller  space 
which  they  occupy  in  the  purifier  and  the  larger 
purifying  area  obtained  by  their  use.      Perforated 

» cast-iron  and  wood  trays  are  suitable  for  either  lime 
or  oxide.  The  latter  are  usually  made  with  strips 
of  wood  (yellow  pine,  pitch  pine,  or  red  deal,  the 
prices  being  as  3,  j,  1)  of  any  convenient  length. 
^B'The  strips  are  1^  in.  broad,  ^  in.  thick,  and  slightly 
^^  tapered,  the  outer  pieces  of  frame  being  of  harder 
timber  (hickorVt  beech,  oak,  or  ash),  and  i^  in. 
thick  ;  the  whole  bound  together  with  g-in.  bolts 
and  nuts,  having  the  heads,  washers,  and  nuts 
countersunk  In  the  side  frames,  and  the  holes 
plugged  with  wood  or  cement.  The  strips  are 
kept  ^  in.  to  Jj  in.  apart  by  pieces  of  wood  of  that 
thickness,  and  ij  in.  square,  put  between  them  at 
the  places  where  the  bolts  are  inserted  (Kig.  iii). 

Apparatus  for  Raising  the  Lids  or  Covers. 
— For  raising  the  lids  or  covers  of  the  purifiers, 
various  contrivances  are  employed  ;  the  most  common  being  a 
double  purchase  crab,  travelling  on  rails  laid  on  either  wooden 
beams  or  iron  lattice  girders,  having  their  ends  instrled  in  the 
walls  of  the  building,  or,  in  the  absence  of  walls,  supported  on 
^■pillars.  Another  arrangement  consists  of  a  traveller  extending 
^^across   the    purifying  house    from    wall    to    wall,    traversing   the 


Fir..  81. 
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Icngrlh  of  the  house  on  rails  fixed  on  each  side  to  a  beam  or 
girder  supported  by  projecting-  corbels.  On  this  again  there  is 
a  lifting  crab  also  on  rails,  and  the  gearing  of  both  crab  and 
traveller  is  actuated  by  chains  from  the  floor  of  the  house. 

The  lifting  machine,  sometimes  called  a  *'  Goliath  "  (Figs.  82 
and   83),    first   constructed   by  Cockey   &  Sons,    is   a  useful   and 


Fia.  82. 
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compact  contrivance  for  the  same  purpose.  This  consists  of 
two  standards,  one  on  each  side  of  the  purifier,  connected  across 
the  top  by  two  girders  a  few  inches  apart.  The  standards»  having- 
grooved  or  flang-ed  wheels,  or  rollers  attached,  traverse  the 
purifying  house  from  one  end  to  the  other  on  rails  laid  on  the 
floor.    The  covers  are  raised  by  means  of  two  long  vertical  screws. 
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with  an  eyelet-hole  at  the  end  of  each,  in  which  the  hooks  on  the 
lid  are  inserted,  and  moved  by  h  wincli 
and  cog-wheels  put  in  motion  by  means 
of  a  handle  at  one  of  the  sides.  When 
the  apparatus  is  not  in  use,  it  can  be 
wheeled  out  of  the  way,  leaving  the  space 
above  the  purifiers  to  the  tie-rods  or  beams 
of  the  roof  entirely  unobstructed.  A  some- 
what similar  traveller,  in  which  hydraulic 
power  is  applied  instead  of  the  wheel 
gearing  and  screws,  is  sometimes  employed 
for  accomplishing  the  same  object. 

The   most  compact  and  eilicient  lifting 
arrangement  for  lids  of  large  siicc  is  that  of 

the  direct  acting  hydraulic  ram,    the  head  of  which    is  attached 
to  the  centre  of  the  lid,  and  on  the  application  of  water  pressure 


to  the  ram  by  means  of  a  hand  or  steam  pump,  the  lid  is  raised  to 
^the  required  height  (Fig.  84). 

By   the  adoption   of  Green's    system   of  purifier   construction 

leavy  machinery  for  raising  the  lids  of  large  purifiers  is  dispensed 

10 
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with,  a  simple  travelling"  crab,  running  on  the  bottom  flang^e  of 
an  overhead  roHcd  steel  j^irdcr,  with  lifting  chains  and  snatch 
block,  beinij  ample  for  lifting  these  lids^  of  which,  as  previously 
explained,  the  usual  size  is  from  lo  to  15  ft.  square,  with  two, 
three,  or  four  lids  to  a  purifier  as  the  size  of  the  latter  permits. 

Centre  and  other  Change 
Valves, — The  dry  centre  valve, 
with  surface  faced  to  fit  gas- 
tight,  is  now  extensivelyadopted, 
and,  as  a  rule,  is  preferred  to  the 
old  hydraulic  centre  valve.  The 
chief  advantages  it  possesses 
over  the  latter  are  the  greater 
ease  and  facility  in  changing 
from  one  purifier  lo  another, 
one  man  being  able  to  accom- 
plish this  with  a  few  turns  of 
a  handle,  thus  minimizing  to  the 
utmost  extent  the  passage  of 
unpurified  gas  during  that  operation.  It  occupies  less  space,  is 
entirely  beneath  the  purifying-house  floor,  and  presents  a  dead 
resistance  lo  pressure,  admitting  of  greater  steadiness  in  the  flow 
of  the  gas  where  an  exhauster  is  at  work.  But  it  has  its  draw- 
backs. In  the  larger  sizes  especially  it  is  liable  to  lose  its  tight- 
ness on  the  slightest  disturbance 
of  the  foundation  either  by  sub- 
sidence or  the  action  of  frost, 
and  even  by  the  weight  and 
pressureof  the  connecting  pipes. 
The  Week  valve  (Figs.  85  and 
86),  which  consists  (for  a  set  of 
four  purifiers)  of  eight  valves 
within   a  frame  or  box,   is  both 

handy  and  eflicient,  and  for  large  connecting  pipes  is  preferable  to 
the  foregoing. 

Four-way  valves  are  adopted  by  some  managers  in  preference 
to  the  centre  valve,  their  chief  recommendation  being  that  by  their 
use  the  connections  are  simplified.  The  advantages  which  they 
possess  over  the  ordinary  single  valve  arc  more  apparent.     When 
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le  latter  are  employed,  twelve  are  needed  for  a  set  of  four  purifiers 
and  six  for  a  set  of  two  ;  whereas  with  the  four-way  valves  only 

I  one-third  that  number  is  required. 
The  hydraulic  valves  made  specially  for  purifiers  by  Samuel 
Culler  &  Sons,  and  thtt  "  Kclipse  "  hydraulic  centre  valve  of 
Clapham  Bros.,  whilst  possessing  the  simplicity  in  working'  of  the 
dr>'-faccd  valve,  have  the  further  advantage  of  being  perfectly  gas- 
tight  no  matter  what  the  size  of  the  valve  may  be.  Both  these 
valves  are  worked  by  the  manipulation  of  a  water  supply. 
^K  The  **  Eclipse  "  hydraulic  centre  valve  is  cylindrical  in  form, 
"^with  internal  compartments  formed  by  concentric  and  radial  cast- 
iron  plates.  The  water  supply  is  under  the  control  of  a  patent 
water-feed  and  draw-off  valve. 

By  turning  the  index  handle  of  the  water  valve  to  the  diflferent 
positions  marked  on  the  face,  it  is  possible  to  work  the  purifiers 
with  the  following  changes  ;  Kirst,  any  purifier  alone  ;  second,  any 
two  or  three  purifiers  in  juxtaposition  to  one  another  ;  or,  third, 
ait  four  purifiers  on. 

Conaections*  —Within  the  last  year  or  so  there  have  been 
brought  out  two  or  three  patents,  notably  by  C.  &  W.  Walker 
and  Willey  &  Co.,  whereby  the  connections  between  the  purifiers 

■  are  either  considerably  reduced  or  altogether  dispensed  with. 
In  Messrs.  Walker's  arrangement  the  connections,  what  few 
there  are,  may  be  in  the  form  of  a  rectangular  box  passing 
beneath  the  gangways,  oji  the  sides  of  the  purifier,  or  beneath  the 
same,  each  purifier  being  worked  by  means  of  special  screw-down 
valves. 

These  patents  are  chiefly  advantageous  where  Green's  purifiers 
arc  adopted,  as  in  such  cases  advantage  is  taken  of  the  several 
purifiers  being  in  juxtaposition  with  each  other. 

Size  of  Connections. — With  respect  to  the  size  of  the  con- 
necting pipes,  the  rule  is  to  make  their  internal  diameter,  in  uwhcs^ 
equal,  as  nearly  as  possible,  to  the  square  root,  in  feet,  of  the  area 
of  the  purifiers. 

Thus,  purifiers  lo  ft.  square,  giving  an  area  of  loo  sq.  ft., 
having  connecting  pipes  lo  in.  in  diameter,  and  purifiers  i6  ft.  by 
\2  ft.,  having  an  area  of  192  sq.  ft.,  have  their  connecting  pipes 
14  in.  in  diameter.  With  the  larger  proportionate  siaes  of  puri- 
fiers now  being  employed  over  those  formerly  erected,  a  deduction 
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of  }  may  safely  be  made  from  the  result  obtained  by  the  above 
rule.  Thus  (see  rule  on  p.  142)  a  works  capable  of  producing 
500,000  cub.  ft.  of  gas  per  day  requires  four  purifiers,  having 
each  an  area  of  300  sq.  ft,  [500  x  -6  =  300],  the  square  root  being 
i7'3  ;  deducting  j^,  or  a'2,  we  have  t5'i,  or,  say,  15  in.,  the 
diameter  of  the  connecting  pipes. 

Sotes  on  L/ine,— Limestone  is  the  carbonate  of  lime  found  in 
its  natural  state,  from  which  the  oxide  of  calcium  (quick  or  caustic 
lime)  is  produced  by  the  expulsion  of  ihc  carbonic  acid  by  means 
of  hccit  in  the  lime  kiln. 

Quick  or  Caustic  Lime  (oxide  of  calcium)  is  lime  in  the  solid 
state,  before  absorbing,  or  being  slaked  with,  water. 

Hydrate  of  Lime  is  lime  in  a  moist  state.  It  is  a  chemical 
compound  of  lime  and  water  in  the  proportion  of  one  part  of  water 
to  three  parts  of  lime. 

Miik  of  Lime,  or  Cream  of  Lime,  is  a  mixture  or  solution  of 
hydrate  of  lime  and  water. 

Quicklime  nearly  doubles  in  bulk  on  being  slaked. 

From  90  to  140  lbs.  of  quicklime,  reduced  to  a  hydrate,  arc 
required  in  the  purification  of  the  gas  produced  from  one  ton  of 
cannel,  and  from  55  to  80  lbs.  of  that  produced  from  one  ton  of 
coal. 

J  bushel  of  quicklime  weighs  about         70  lbs. 
I  cubic  foot  of        ,,  M  t,  54   )> 

I  cubic  yard  of      ,,  ,,  ,,         1460    ,, 

1  ton  of  ,,      is  equal  to  about  32  bushels, 

The  value  of  lime  as  a  purifying  agent  is  in  inverse  proportion 
to  the  amount  of  earthy  or  foreign  matter  it  contains  ;  that  which 
leaves  the  smallest  proportion  of  insoluble  sediment  on  being  dis- 
solved in  diluted  acid  is  the  best. 


CLASSIFICATION 

0/  the  besi-knoixin  Limestones  of  this  Country ^  in  the  Order  0/  their 
Purity^  and  which  Order  also  expresses  their  Value  for  the 
purpose  of  Purifying  Coal  Gas.     (J/ughes.) 

I.  The  white  chalk  limestone  of  Merstham,  Dorking,  Charl- 
ton, Erith,  and  other  parts  of  the  chalk  range  surrounding  the 
Metropolis. 
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3.  The    grey    chalk    limestone,     from    the     lower     beds     of 

chalk. 

3.  The  blue  beds  of  the  upper  and  middJe  Oolites. 

4.  The  lower  white  and  grey  limestones  of  the  Oolites. 

15.  The  most   calcareous    and  crystalline  beds   of  the  carboni- 
ferous or  mountain  limestone,  colours  j^rcy  and  bluish. 
6.  The  magnesian  limestone  of  Yorkshire  and  Derbyshire. 
7,  The  white  lias  limestone. 
8.  The  blue  lias  limestone. 

9.  The  Silurian  limestone  of  Wcniock,  Dudley,   &c.,  and   the 
.coralline  limestones  of  Plymouth  and  the  neighbourhood. 


I 


TABLE 


Shavdng  the  Comfosiiion  of  Different  Linustones  ami  their  S/ccific 
Gravity.     (Govcrtiment  Commission. ) 
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\  trace  of  bitumen  was  observed  in  each  of  the  above. 
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Other  Analyses, 


Quality  of  Limeslonc 
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«SJ     York      Minster     \&\ 
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J  \    ford.  Flintshire      .  j 

47*00 
40*10 
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49*65 

8'8o 
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... 

o-fo 
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Lime  Burning, — This  subject  ts  not  of  absorbings  interest  to 
the  gas  manager  in  this  country,  because  there  is  always  an 
abundant  supply  of  lime  to  be  had  for  the  ordering,  without  any 
need  for  concern  as  to  how  it  is  produced.  But  to  such  as  under- 
take the  management  of  gas-works  in  some  places  abroad,  it  is 
desirable  that  they  should  make  themselves  familiar  with  a  process 
which  they  may  have  to  practise  as  a  matter  of  necessity  or  for  the 
sake  of  economy. 

Limestone  or  carbonate  of  lime,  in  some  form  or  other,  exists 
in  almost  every  part  of  the  globe,  from  the  fat  or  rich  qualities 
down  to  the  lias  or  hydraulic  kinds.  These  latter  are  not  suitable 
for  gas  purification^  as  they  contain  an  excess  of  earthy  or  clayey 
matter  in  their  composition. 

The  substance  existing  in  the  limestone  which  gives  it  its 
peculiar  character  of  hardness  and  durability,  inasmuch  that  it 
resists  denuding  atmospheric  influences  almost  as  effectually  as 
granite  and  more  so  -than  most  classes  of  sandstone,  is  carbonic 


I  IAS    I'A'i;!  N  \:\:\:<^    ,\  N  I  ■    M  \  \  \<  .\'\:<.  |:.| 

.'iciii  Lr;i'^.  Ill*-  '■hi-miral  Inniini.i  liii'  limc-^l  <  piic  is  {';ir().  'I  lir 
object  of  burning  or  calcinin*,^  llic  liniesloiiL',  as  is  well  known,  is 
to  expel  the  water,  which  is  mechanically  held  in  it,  and  the 
carbonic  acid,  CO^.  The  quicklime  or  oxide  of  calcium  being  left, 
its  formula  is  therefore  CaO.  The  equation  representing  the 
effects  of  the  process  of  calcination  is  CaCO.3  =  CaO  +  CO.^. 
Curiously  enough,  the  water  which  is  present  in  ordinary  lime- 
stone when  it  is  first  broken  in  pieces,  and  not  dried  by  exposure 
to  the  air,  assists  the  calcination  of  the  material  by  promoting  the 
escape  of  the  carbonic  acid. 

The  crudest  method  of  burning  lime,  and  that  practised  by 
half-civilized  peoples,  is  to  range  the  materials  on  the  ground  in 
alternate  layers  with  coal,  wood,  turf,  or  other  fuel,  surrounding 
them  with  clay  or  clods  of  earth  to  retain  the  heat ;  a  firehole  being 
left  in  the  bottom,  and  an  opening  made  in  the  apex  of  the  heap 
to  allow  of  the  escape  of  the  gas.  Fire  being  applied  to  the  fuel, 
it  is  allowed  to  burn  itself  out,  and  the  process  is  complete.  This, 
as  might  be  supposed,  is  the  least  economical  plan  to  adopt ;  the 
quantity  of  fuel  required  bearing  an  undue  proportion  to  the  bulk 
of  lime  produced. 

Lime  kilns  are  constructed  in  various  forms  ;  but  whatever 
form  they  take,  they  are  resolvable  into  two  classes  —  viz., 
tunnel  kilns  and  flare  kilns  ;  the  former  having  the  coal  or  other 
fuel  and  limestone  arranged  within  them  in  alternate  layers,  and 
the  latter  being  fired  without  allowing  the  fuel  to  come  in  contact 
with  the  lime.  Either  of  these  may  be  perpetual  or  draw  kilns — 
that  is  to  say,  they  may  be  kept  constantly  at  work  by  removing 
the  calcined  lime  from  the  drawhole  at  the  bottom,  and  adding 
fresh  material  at  the  top;  or  the  fuel  may  be  fired,  and  the  charge 
allowed  to  burn  itself  out,  and  become  cool  before  discharging 
the  time. 

A  small  form  of  tunnel  kiln  is  shown  in  Figs.  87  and  88.  The 
lining  is  of  fire-brick,  9  in.  thick  throughout ;  but  this  does  not 
always  extend  to  the  top,  and  in  some  examples  the  lining  is  en- 
tirely of  gritstone  a  foot  thick.  Between  the  lining  and  the  outer 
masonry,  a  cavity  2  in.  wide  is  left — being  filled  in  with  ground 
stone,  ashes,  or  other  yielding  material — to  admit  of  the  expansion 
of  the  lining  by  the  heat  without  rending  the  structure. 

In  charging  the  kiln,  a  layer  of  brushwood,  or  other  easilj 
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ignitinor  fuel,  is  placed  at  ilie  bottom  to  assist  the  kindUng"  of  the 
coal  at  the  beg'inning.  Then  comes  a  layer  of  coal  about  4  or  h  in. 
thick.  After  that  a  layer  of  limestone  12  to  16  in.  deep,  in  pieces 
rangingin  weight  from 
2  to  20  lbs.  ;  the  lar- 
gest being  phiced  in 
the  centre,  and  so  on. 
The  stratification  of 
the  miiterials  in  alter- 
nate layers  is  con- 
tinued till  the  kiln  is 
completely  filled,  when 
the  fire  is  lighted, 
and  the  burning  or 
calcining  process  is 
begun.  In  the  per- 
petual  or  draw  kilns, 

where  the  operation  is  carried  on  continuously,  so  long  as  the 
kiln  hists,  the  burned  lime  is  raked  out  through  the  draw-hole 
at  the  bottom.     The  mass  gradually  subsides,  filling  up  the  void, 

and  fresh  fuel 
and  limestone 
are  added  at  the 
top. 

The  flare 
kihi,  shown  in 
Figs.  89  and  90, 
is  the  more 
cleanly  of  the 
two,  the  firing 
substance  being 
kept  apart  from 
the  lime  ;  but  it 
is  not  as  efficient 
and  certain  in 
its  action  as  the 
tunnel  kiln,  where  the  material  is  placed  in  alternate  layers. 

In  course  of  burning,  the  stone  is  heated  to  redness  ;  and  when 
the   whole   of  the  carbonic  acid  has  been  expelled,  the  redness 
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disappears,  and  the  quicklime,  or  oxide  of  calcium,  is  left  in 
white  floury  lumps. 

The  proportion  of  coal  used  varies  according  to  the  obdurat  * 
nature  of  the  limestone.  In  some  instances  one  measure  of  co« — -' 
serves  for  four  of  the  stone,  but  in  others  it  takes  about  i  tof"^ 
of  coal  to  burn  2  tons  of  the  stone.  On  the  average,  3  bus.  o  -^ 
lime  are  produced  for  each  bushel  of  coal  consumed.  In  the  cas^^^ 
of  other  fuels,  a  similar  weig"ht  of  ^as-\vorks  coke,  mixed  wil 
one-fourth  small  coal,  is  needed,  and  of  wood  and  turf  1  cub.  ft. 
of  limestone  requires  i^  cub.  ft.  of  these  in  the  burning. 

The  product  known  as  "lime  ashes**  is  the  breeze  of  the  kiln, 
and  consists  of  small  and  dusty  lime  mixed  with  the  ashes  of  the 
fuel. 

In  countries  possessing  a  scanty  supply  of  limestone,  calcareous 
spar  and  oyster  and  other  shells  found  on  the  sea  coast  are  calcined 
into  quickUmc,  which  4s  produced  as  a  fine  flour. 

It  only  remains  to  be  said  that  the  quicklime,  on  its  removal 
from  the  kiln,  is  stored  in  sheds  under  protection  from  ihe  weather. 
On  its  being  slaked  with  water,  it  evolves  much  heat,  crumbling 
or  falling,  and  becomes  hydrate  of  lime  ;  its  formula  being  CaH„Oj, 
in  which  condition  it  is  ready  for  the  purifiers. 


THE  STATION  METER  AND  OTHER  INDICATING 
AND  RECORDING  APPARATUS. 

The  most  important  of  the  recording  appliances  in  a  gas-works 
is  the  station  meter.  The  house  containing  this  should  be  con- 
veniently situated  on  the  works,  and  marie  sufficiently  large  to 
contain,  if  possible,  in  addition  to  the  meters,  the  station  governors, 
exhaust  and  pressure  registers,  a  range  of  pressure  gauges,  and 
a  jet  photometer.  When  thus  arranged  they  are  all  within  Ihe 
purview,  and  immediately  under  the  control,  of  the  workman  in 
charge.  The  meter  house  is  susceptible  of  ornamentation,  and 
should  have  a  little  bestowed  upon  it,  besides  being  kept  scrupu- 
lously clean  and  well  ventilated. 

Station  Meter, — The  quantity  of  gas  manufactured  as  it  passes 
into  the  holders  after  its  purification  has  been  completed  is 
measured  and  recorded  by  the  station  meter. 

This  is  invariably  of  the  "  wet  "  description — that  is  to  say,  the 
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nieasLiritiijf  u  IutI  Is  caused  l«i  nxoKr  h\  tin-  ila^-lir  forrr  t>\  the 
ji^as  pressing"  upon  the  surt'ace  of  a  body  of  water,  witli  which  the 
vessel  is  charged  up  to  a  certain  line. 

In  construction  it  differs  slightly  from  the  wet  meters  used  by 
consumers,  but  its  principle  of  action  is  identical  with  these. 

The  meter  case,  which  is  of  cast-iron,  is  made  either  cylindrical 
(Fig".  91)  or  rectangular  (Fig.  92) ;  the  former  shape  being 
generally  adopted  for  sizes  up  to  20,000  cub.  ft.  per  hour.  When 
it  is  rectangular  in  form,  the  roof  is  composed  of  wrought-iron 
plates,  usually  No.  10  W.G. 

The  measuring  wheel  or  drum  is  made  of  charcoal  annealed 
tinned  plates,  riveted  and  soldered  together  in  segments,  and  the 
shaft  or  axle  is  supported  by  anti-friction  wheels. 


Fig.  91 


Fir,.  92. 


The  registering  mechanism  consists  of  a  series  of  enamelled 
dials,  with  wheel-work  and  pointers  indicating  from  100  to 
100,000,000  cub.  ft.  at  each  of  their  revolutions.  The  dial 
figures,  unlike  those  on  the  consumers*  meters,  all  run  in  the  same 
direction. 

An  eight-day  clock  and  tell-tale  apparatus  are  placed  in  front, 
above  the  index.  On  a  circular  plate  a  graduated  disc  of  card 
paper  is  fixed.;  and  a  lead-pencil  attached  to  a  rod,  which  again 
is  attached  to  and  actuated  by  the  minute  finger  of  the  clock, 
pressing  upon  the  paper,  indicates  the  uniformity  or  otherwise  of 
the  gas  production  during  each  hour  of  the  day  and  night. 

The  size  or  capacity  of  a  station  meter  is  designated  by  the 
quantity  of  gas  in  cubic  feet  which  it  is  capable  of  passing  per 


hour,  the  measuring  wheel  making  120  down  to  70  revolutions,  as 
a  maximum,  ia  thiii  time  (the  number  of  revolutions  depending"  on 
the  size  of  the  insirumcnl)^  xvith  ii  loss  of  pressure  not  exceeding 
y^  of  an  inch  between  the  inlet  and  the  outlet.  Thus,  if  the  drum 
have  a  capacity  of  50  cub.  ft..  50  x  120  =  6000  cub.  ft.,  the  size 
of  the  meter.  If  the  capacity  be  200  cub.  ft.,  then  200  x  100 
=  20,000  cub.  ft.,  the  si/e  of  meter,  and  so  on. 

It  is  thus  easy  to  determine  the  capacity  of  the  wheel  or  drum 
required  to  measure  any  g;iven  production.  Say  the  maximum 
hourly  make  of  gas  in  a  works  is  30,000  cub.  ft.  ;  then 

30,000  .     ^ 

=  300  cub.  ft., 

TOO  '^  * 

the  required  capacity  of  the  measuring  wheel  or  drum.  In  all 
cases  a  reasonable  -margin  in  size  should  be  allowed  for  growing 
production. 

Tabic  of  S/a/um  Meier  Dctaifs. 
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When  a  meter  wheel  is  driven  beyond  the  speed  above  namcdi 
the  friction  is  increased,  more  pressure  is  absorbed  in  working  the 
wheel,  and  the  registration  is  falsified. 

The  station  meter  should  be  placed  perfectly  level  on  a  sub- 
stantial foundation,  with  raised  stone  base. 

It  should  be  fitted  with  bye-pass  and  hydraulic  trap,  with 
outlet  cock  ;  shul-o(f  valves  ;  adjustable  uvcrllow-pipe  ;  water-line 
gauge?  an  ordinary  pressure  gauge  each  for  the  inlet  and  outlet 
pipes  (Figs.  93  and  94)^  and  differential  pressure  gauge  (Figi  95) ; 
a  thermometer;  a  filling  lube  and  funnel,  with  stopcock,  and  a 
flushing  cock. 

Rotary  Meter, — A  new  departure  in  the  construction  of  station 
meters  is  the  inferential  meter  invented  by  Mr.  T.  Thorp,  and 
known  as  the  rotary  meter. 

In  principle  the  rotary  meter  is  similar  to  the  anemometer, 
but  since  with  the  anemometer  only  the  approximate  speed  of 
wind  and  draughts  is  arrived  at,  much  ingenuity  on  the  part  of  the 
inventor  was  necessary  before  an  instrument  could  be  obtained 
whereby  the  flow  of  gas  through  the  meter  corresponded  with  the 
indicator  of  the  same  under  varying  conditions  of  flow. 

The  meter  is  in  size  only  about  twice  the  diameter  of  the 
gas  main  to  which  it  is  connected,  and  this  constitutes  its  chief 
advantage.  Further,  it  can  be  easily  cleaned,  and  can  be  used  in 
many  situations  where  the  size  and  cost  of  the  ordinary  station 
meter  render  the  use  of  the  latter  inadmissible. 

Pressure  Gauges, — The  ordinary  pressure  gauge  (Figs.  93  and 
94)  has  its  tutx's,  which  are  of  glass,  charged  with  water  to  the 
zero  line  on  the  ivory  or  boxwood  scale  between.  This  is  gradu- 
ated into  inches  and  tenths.  It  is  made  of  any  length  as  required, 
and  the  scale  may  be  figured  either  in  inches  or  tenths  of  an  inch, 
as  shown. 

On  the  gauge  being  attached  to  the  main  or  service  pipe,  either 
directly  or  by  means  of  a  short  connecting  tube,  the  difference 
between  the  two  water  levels  represents  the  gas  pressure  in  terms 
of  a  column  of  water. 

A  series  of  these  gauges,  to  indicate  the  pressure  existing 
between  the  different  apparatus  of  the  gas-works,  should  be  fixed 
in  some  position  convenient  for  frequent  inspection. 

King's  gauge  (Fig.  96)  is  constructed  on  the  same  principle  as 
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the  above^  but  it  indicates  slighter  variations  of  pressure ; 
finger  having  a  long  sweep  for  small  diiFerences  of  water  level, 
and  the  dial  being  graduated  into  finer  divisions. 

The  difFerential  gauge  (Fig.  95)  is  commonly  attached  to  the 
inlet  and  outlet  pipes  respectively  of  station  meters  ;  the  indica- 
tions of  the  instrument  being  the  diflference  in  pressure  between 
the  two,  showing  the  pressure  absorbed  in  actuating  the 
meter. 

Coloured  water  for  pressure  gauges  is  made  by  infusing  a  little 
pounded  cochineal  in  hot  water.  It  is  then  filtered,  and  a  few 
drops  of  nitric  or  hydrochloric  acid  added,  to  prevent  the  bright 
scarlet  colour  from  fading. 
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Fig.  96. 


The  glass  lubes  of  pressure  gauges,  when  foul,  may  be  cleansed 
with  a  weak  solution  of  sulp1»iiric  acid  in  water. 

Pressure  and  Exhaust  Registers, —Thv  principle  of  action  of 
these  instruments  {Fig.  97),  invented  by  Crosley,  is  the  same  as 
that  of  the  foregoing,  but  they  are  made  to  rtcon/  as  well  as 
im/ua/f  the  pressure  or  exhaust,  as  the  case  may  be. 

This  is  accomplished  by  means  of  a  float  in  water,  to  which 
a  vertical  spindle  is  attached,  having  a  lead-pencil  at  the  upper 
end,  pressing  upon  a  cylindrical  graduated  roll  of  paper  upon 
a  drum,  which  is  caused  to  revolve  by  clockwork  once  in  the 
twenty-four  hours.     The  paper  roll  is  renewed  daily. 

The  exhaust  register  is  connected  to  the  mains  on  the  works 
at  a  point  between  the  hydraulic  main  and  the  exhauster,  and  the 


GAS   ENGINEERS  AND  MANAGERS. 


159 


record  shows  whether,  in  the  absence  of  the  manager,  the  ex- 
hauster has  been  kept  working*  with  regularity. 

The  pressure  register  is  attached  to  the  street  main  beyond 
the  governor,  and  records  the  various  pressures  maintained  therein 
during  the  day  and  night. 

The  difference  between  the  exhaust  and  pressure  registers  is 
simply  one  of  detail  in  construction  ;  the  zero  line  in  the  former 
being  placed  midway  on  the  scale,  and  the  spindle  lengthened  to 
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Fig.  97. 


I-'ii;,  98. 


correspond,  whilst  the  area  of  the  float  is  also  increased.     In  the 
latter  the  zero  line  is  at  the  bottom. 

Wright*s  pressure  register  (Fig.   98)  is  a  combination  of  the 

ling's  gauge  with  a  timepiece  having  a  circular  plate  and  paper 

"disc  instead  of  a  dial.     The  twenty-four  hours  are  printed  on  the 

disc,  and  a  pencil    at    the   end  of  a   rod   actuated    by  the  float, 

pressing  upon  this,  records  the  varying  pressures. 

Mr.  W.  H.  Cowan  has  invented  a  neat  and  compact  instrument 
rhich  records  the  pressures  by  photography  upon  sensitized  sheets 
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Other  Analyses, 
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Lime  Burning. — This  subject  is  not  of  absorbing*  interest  to 
the  gas  manag'er  in  this  country,  because  there  is  always  an 
abundant  supply  of  lime  to  be  had  for  the  ordering,  without  any 
need  for  concern  as  to  how  it  is  produced.  But  to  such  as  under- 
take the  management  of  gas-works  in  some  places  abroad,  it  is 
desirable  that  they  should  make  themselves  familiar  with  a  process 
which  they  may  have  to  practise  as  a  matter  of  necessity  or  for  the 
sake  of  economy. 

Limestone  or  carbonate  of  lime,  in  some  form  or  other,  exists 
in  almost  every  part  of  the  globe,  from  the  fat  or  rich  qualities 
down  to  the  lias  or  hydraulic  kinds.  These  latter  are  not  suitable 
for  gas  purification,  as  they  contain  an  excess  of  earthy  or  clayey 
matter  in  their  composition. 

The  substance  existing  in  the  limestone  which  gives  it  its 
peculiar  character  of  hardness  and  durability,  Inasmuch  that  it 
resists  denuding  atmospheric  influences  almost  as  effectually  as 
granite  and  more  so  than  most  classes  of  sandstone*  is  carbonic 


acid  jjas.  The  chemical  tbrnuila  lor  limestone  is  CaCO..  The 
object  of  burning  or  calcining  the  limestone,  as  is  well  known,  is 
to  expel  the  water,  which  is  mechanically  held  in  it,  and  the 
carbonic  acid,  CO.^.  The  quicklime  or  oxide  of  calcium  being  left, 
its  formula  is  therefore  CaO.  The  equation  representing  the 
effects  of  the  process  of  calcination  is  CaCOy  =  CaO  +  CO.,. 
Curiously  enough,  the  water  which  is  present  in  ordinary  lime- 
stone when  it  is  first  broken  in  pieces,  and  not  dried  by  exposure 
to  the  air,  assists  the  calcination  of  the  material  by  promoting  the 
escape  of  the  carbonic  acid. 

The  crudest  method  of  burning  lime,  and  that  practised  by 
half-civilized  peoples,  is  to  range  the  materials  on  the  ground  in 
alternate  layers  with  coal,  wood,  turf,  or  other  fuel,  surrounding 
them  with  clay  or  clods  of  earth  to  retain  the  heat ;  a  firehole  being 
left  in  the  bottom,  and  an  opening  made  in  the  apex  of  the  heap 
to  allow  of  the  escape  of  the  gas.  Fire  being  applied  to  the  fuel, 
it  is  allowed  to  burn  itself  out,  and  the  process  is  complete.  This, 
as  might  be  supposed,  is  the  least  economical  plan  to  adopt ;  the 
quantity  of  fuel  required  bearing  an  undue  proportion  to  the  bulk 
of  Hme  produced. 

Lime  kilns  are  constructed  in  various  forms  ;  but  whatever 
form  they  take,  they  are  resolvable  into  two  classes  —  viz., 
tunnel  kilns  and  flare  kilns  ;  the  former  having  the  coal  or  other 
fuel  and  limestone  arranged  within  them  in  alternate  layers,  and 
the  latter  being  fired  without  allowing  the  fuel  to  come  in  contact 
with  the  Hme.  Either  of  these  may  be  perpetual  or  draw  kilns — 
that  is  to  say,  they  may  be  kept  constantly  at  work  by  removing 
the  calcined  lime  from  the  drawhole  at  the  bottom,  and  adding 
fresh  material  at  the  top ;  or  the  fuel  may  be  fired,  and  the  charge 
allowed  to  burn  itself  out,  and  become  cool  before  discharging 
the  lime. 

A  small  form  of  tunnel  kiln  is  shown  in  Figs.  87  and  88.  The 
lining  is  of  fire-brick,  9  in.  thick  throughout ;  but  this  does  not 
always  extend  to  the  top,  and  in  some  examples  the  lining  is  en- 
tirely of  gritstone  a  foot  thick.  Between  the  lining  and  the  outer 
masonry,  a  cavity  2  in.  wide  is  left — being  filled  in  with  ground 
stone,  ashes,  or  other  yielding  material — to  admit  of  the  expansion 
of  the  lining  by  the  heat  without  rending  the  structure. 

In  charging  the  kiln,  a  layer  of  brushwood,  or  other  easily 
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Lime  Burning, — This  subject  is  not  of  absorbing  interest  to 
the  gas   manager  in  this  country,  because   there  is   always  an, 
abundant  supply  of  lime  to  be  had  for  the  ordering,  without 
need  for  concern  as  to  bow  it  is  produced.     But  to  such  as  uni 
take  the  management  of  gas-works  in  some  places  abroadj 
desirable  that  they  should  make  themselves  familiar  with  a 
which  they  may  have  to  practise  as  a  matter  of  necessity 
sake  of  economy. 

Limestone  or  carbonate  of  lime,  in  some  form 
in  almost  every  part  of  the  globe,  from  the  fat 
down  to  the  lias  or  hydraulic  kin^ 
for  gas  purification,  as  they  cont 
matter  in  their  composition. 

The    substance  existing    in 
peculiar  character  of  hardnesj 
resists  denuding   atmospht*ri« 
granite  and  more  so  than  m* 
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add  gas.  The  chemical  formula  for  limestone  is  CaCO^.  The 
«bject  of  burning  or  culclnin^  the  limestone^  as  is  welt  known,  Is 
to  expel  the  water,  which  is  mechanically  held  in  it,  and  the 
carbonic  acid,  CO^.  The  quicklime  or  oxide  of  calcium  bcin^  left, 
its  formula  is  therefore  CaO,  Tlie  equation  representing'  the 
effects  of  the  process  of  calcination  is  CaCO^  =  CaO  +  CO.j» 
Curiously  enough,  the  water  which  is  present  in  ordinan*  lime- 
stone when  it  is  first  broken  in  pierces,  and  not  dried  by  exposure 
to  the  air,  assists  the  calcination  of  the  material  by  promoting  the 
escape  of  the  carbonic  acid. 

The   crudest   method  of  burning  lime,  and  that  practised  by 

half-civilized  peoples,  is  to  ranj^e  the  materials  on  the  ground  in 

alternate  layers  with  coal,  wood,  turf,  or  other  fuel,  surrounding 

Ithem  with  clay  or  clods  of  earth  to  retain  the  heat ;  a  fircholc  being 

left  in  the  bottom,  and  an  opening  made  in  the  apex  of  the  heap 

to  allow  of  the  escape  of  the  gas.     Fire  being  applied  to  the  fuel, 

at  is  allowed  to  burn  itself  out,  and  the  process  is  complete.      This, 

AS  might  be  supposed,  is  the  least  economical  plan  to  adopt  ;  the 

quantity  of  fuel  required  bearing  an  undue  proportion  to  the  bulk 

■of  lime  produced. 

Lime  kilns  are  constructed  in  various  forms  ;  but  whatever 
:rfurm  they  take,  they  are  resolvable  into  two  classes— viz., 
tunnel  kilns  and  flare  kilns  ;  the  former  having  the  coal  or  other 
"rfuel  and  limestone  arranged  within  them  in  alternate  layers,  and 
the  latter  being  fired  without  allowing  the  fuel  to  come  in  contact 
'with  the  lime.  Either  of  these  may  be  perpetual  or  draw  kilns — 
hat  is  to  say,  they  may  be  kept  constantly  at  work  by  removing 
he  calcined  lime  from  the  drawhole  at  the  bottom,  and  adding 
fresh  material  at  the  lop;  or  the  fuel  may  be  fired,  and  the  charge 
allowed  to  burn  itself  out,  and  become  cool  before  discharging 
the  lime. 

A  small  form  of  tunnel  kiln  is  shown  in  Figs.  87  and  88.  The 
lining  is  of  (ire-brick,  9  in.  thick  throughout ;  birt  this  does  not 
always  extend  to  the  top,  and  in  some  examples  the  lining  is  en- 
tirely of  gritstone  a  foot  thick.  Between  the  lining  and  the  outer 
masonry,  a  cavity  2  in.  wide  is  left — being  filled  in  with  ground 
tone,  ashes,  or  other  yielding  material — to  admit  of  the  expansion 
of  the  lining  by  the  heat  without  rending  the  structure. 

In  charging  the   kiln,  a   layer  of  brushwood,  or  other  easily 
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ig-nitin^  fuel,  is  placed  at  the  bottom  lo  assist  the  kindling-  of  "< 
coal  at  the  becjlnnin^.  Then  comes  a  layer  of  coal  about  4  or  6 
thick.  After  that  a  layer  of  limestone  1  2  to  16  in.  deep,  in  pie* 
rangingin  \veig"ht  from 
2  to  20  lbs.  ;  the  lar- 
gest being^  placed  in 
the  centre,  and  so  on. 
The  stratification  of 
the  materials  in  alter- 
nate layers  is  con- 
tinued till  the  Uiln  is 
completely  filled,  when 
the  fire  is  lighted, 
and  the  burning  or 
calcining"  process  is 
begun.  In  the  per- 
petual or  draw  kilns, 
where  the  operation  is  carried  on  continuously,  so  long  as  tl 
kiln  lasts,  the  burned  lime  is  raked  out  through  the  draw-he 
at  the  bottom.     The  mass  gradually  subsides,  filling  up  the  voi 

and  fresh  fu 
and  limestO! 
are  added  at  tl 
top. 

The  flat 
kiln,  shown 
Figs.  89  and  9 
is  the  moi 
cleanly  of  tl 
two,  the  firii 
substance  beii 
kept  apart  fro 
the  lime  ;  but 
is  not  as  efllicie 
and  certain 
its  action  as  tl 
tunnel  kiln,  where  the  material  is  placed  in  alternate  layers. 

In  course  of  burning,  the  stone  is  heated  to  redness ;  and  wh< 
the   whole   of  the  carbonic  acid  has  been  expelled,  the  rednc 


Suction. 

Kir..  88. 
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disappears,  and  the  quicklime,  or  oxide  of  calcium,  is  left  in  rich 
white  floury  lumps. 

The  proporlion  of  coa!  used  varies  according  to  the  obdurate 
nature  of  the  limestone.  In  some  instances  one  measure  of  coal 
serves  for  four  of  the  stone,  but  in  others  it  takes  about  i  ton 
of  coal  to  burn  2  tons  of  the  stone.  On  the  average,  3  bus.  of 
lime  are  produced  for  each  bushel  of  coal  consumed.  In  the  case 
of  other  fuels,  a  similar  weig^ht  of  g:as-\vorks  coke,  mixed  with 
one-fourth  small  coal,  is  needed,  and  of  wood  and  turf  [  cub.  ft, 
of  limestone  requires  i^  cub.  ft.  of  these  in  the  burning. 

The  product  known  as  '*  lime  ashes"  is  the  breeze  of  the  kiln, 
and  consists  of  small  and  dusty  lime  mixed  with  the  ashes  of  the 
fuel. 

In  countries  possessing  a  scanty  supply  of  limestone,  calcareous 
spar  and  oyster  and  other  shells  found  on  the  sea  coast  are  calcined 
into  quicklime,  which  is  produced  as  a  6ne  flour. 

It  only  remains  to  be  said  that  the  quicklime,  on  its  removal 
from  the  kiln,  is  stored  in  sheds  under  protection  from  Ihe  weather. 
On  its  being  slaked  with  water,  it  evolves  much  heal,  crumbling 
or  falling,  and  becomes  hydrate  of  lime  ;  its  formula  being  CaH^O^, 
in  which  condition  it  is  ready  for  the  purifiers. 


THE  STATION  METER  AND  OTHER  INDICATING 
AND  RECORDING  APPARATUS. 

The  most  important  of  the  recording  appliances  in  a  gas-works 
is  the  station  meter.  The  house  containing  this  should  be  con- 
veniently situated  on  the  works,  and  made  suflicicntly  large  to 
contain,  if  possible,  in  addition  to  the  meters,  the  station  governors, 
exhaust  and  pressure  registers,  a  range  of  pressure  gauges,  and 
a  jet  photometer.  When  thus  arranged  they  are  all  within  the 
purview,  and  immediately  under  the  control,  of  the  workman  in 
charge.  The  meter  house  is  susceptible  of  ornamentation,  and 
should  have  a  little  bestowed  upon  it,  besides  being  kept  scrupu- 
lously clean  and  well  ventilated. 

Stmtion  Meter, — The  quantity  of  gas  manufactured  as  it  passes 
into  the  holders  after  its  purification  has  been  completed  is 
measured  and  recorded  by  the  station  meter. 

This  is  invariably  of  the  *'  wet "  description — that  is  to  say,  the 
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measuring'  wheel  is  diused  to  revolve  by  the  elastic  force  of  the 
gas  pressing  upon  the  surface  of  a  body  of  water,  with  which  the 
vessel  is  charged  up  to  a  certain  line. 

In  consiruclion  it  differs  sliffhtly  from  the  wel  meters  used  by 
consumers,  but  its  principle  of  action  is  identical  with  these. 

The  meter  case,  which  is  of  cast-iron,  is  made  either  cylindrical 
(Fig.  91)  or  rectangular  (Kig.  92);  the  former  shape  being 
generally  adopted  for  sizes  up  to  20,000  cub.  ft.  per  hour.  When 
it  is  rectangular  in  form,  the  roof  is  composed  of  wrought-iron 
plates,  usually  No.  10  W.G. 

The  measuring  wheel  or  drum  is  made  of  charcoal  annealed 
tinned  plates,  riveted  and  soldered  together  in  segments,  and  the 
shaft  or  axle  is  supported  by  anti-friction  wheels. 


Fig.  91, 


Ku;.  92. 


The  registering  mechanism  consists  of  a  series  of  enamelled 
dials,  with  wheel-work  and  pointers  indicating  from  100  to 
100,000,000  cub.  ft.  at  each  of  their  revolutions.  The  dial 
figures,  unlike  those  on  Llie  consumers*  meters,  all  run  in  the  same 
direction. 

An  eight-day  clock  and  tctl-tale  apparatus  are  placed  in  front, 
above  the  index.  On  a  circular  plate  a  graduated  disc  of  card 
paper  is  fixed.;  and  a  lead-pencil  attached  to  a  rod,  which  again 
is  attached  to  and  actuated  by  the  minute  finger  of  the  clock, 
pressing  upon  the  paper,  indicates  the  uniformity  or  otherwise  of 
the  gas  production  during  each  hour  of  the  day  and  night. 

The  size  or  capacity  of  a  station  meter  is  designated  by  the 
quantity  of  gas  in  cubic  feet  which  it   is  capable  of  passing  per 
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hour,  the  measuring  wheel  making  120  down  to  70  revolutions,  as 
a  maximum,  in  that  time  (the  number  of  revolutions  depending  on 
the  size  of  Ibu  instrument),  with  a  loss  of  pressure  not  exceeding 
j(j  of  an  inch  between  thrv  inltt  and  the  outlet.  Thus,  if  the  drum 
have  a  capacity  of  50  cub.  ft.,  50  x  120  =  6000  cub.  ft.,  the  size 
of  the  meter.  If  the  capacity  be  200  cub.  ft.,  then  200  x  100 
=  20,000  cub.  ft.,  the  size  of  meter,  and  so  on. 

Ft  is  thus  easy  to  determine  the  capacity  of  the  wheel  or  drum 
required  to  measure  any  given  production.  Say  the  maximum 
hourly  make  of  gas  in  a  works  is  30^000  cub.  ft.  ;  then 

■ =  300  cub,  ft., 

100        "^ 

the  required  capacity  of  the  measuring  wheel  or  drum.  In  all 
cases  a  reasonable  -margiji  in  size  should  be  allowed  for  growing 
production. 
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When  a  meter  wheel  is  driven  beyond  the  speed  above  named, 
the  friction  is  increased,  more  pressure  is  absorbed  in  working  the 
v^heel.  and  the  registration  is  falsified. 

The  station  meter  should  be  placed  perfectly  level  on  a  sub- 
stantial foundation,  with  raised  stone  base. 

It  should  be  Bttcd  with  bye-pass  and  hydraulic  trap,  with 
outlet  cock  ;  shut-off  valves  ;  adjustable  overflow-pipe  ;  water-line 
gauge  ;  an  ordinary  pressure  gauge  each  for  the  inlet  and  outlet 
pipes  (Figs.  93  and  94),  and  differential  pressure  gauge  (Kig-.  95)  ; 
a  thermometer  ;  a  filling  tube  and  funnel,  with  stopcock,  and  a 
flushing  cock. 

Rotary  Meter* — A  new  departure  in  the  construction  of  station 
meters  is  ihc  inferential  meter  invented  by  Mr.  T.  Thorp,  and 
known  as  the  rotary  meter. 

In  principle  the  rotary  meter  is  similar  to  the  anemometer, 
but  since  with  the  anemometer  only  the  approximate  speed  of 
wind  and  draughts  is  arrived  at,  much  ingenuity  on  the  part  of  the 
inventor  was  necessary  before  an  instrument  could  be  obtained 
whereby  the  flow  of  gas  through  the  meter  corresponded  with  the 
indicator  of  the  same  under  varying  conditions  of  flow. 

The  meter  is  in  si/e  only  about  twice  the  diameter  of  the 
gas  main  to  which  it  is  connected,  and  this  constitutes  its  chief 
advantage.  Further,  it  can  be  easily  cleaned,  and  can  be  used  in 
many  situations  where  the  size  and  cost  of  the  ordinary  station 
meter  render  the  use  of  the  latter  inadmissible. 

Pressure  Gauges, — The  ordinary  pressure  gauge  (Figs,  93  and 
94)  has  its  tubes,  which  are  of  glass,  charged  with  water  to  the 
zero  line  on  the  ivory  or  boxwood  scale  between,  This  is  gradu- 
ated into  inches  and  tenths.  It  is  made  of  any  length  as  requinid, 
and  the  scale  may  be  figured  either  in  inches  or  tenths  of  an  inch, 
as  shown. 

On  the  gauge  being  attached  to  the  main  or  service  pipe,  either 
directly  or  by  means  of  a  short  connecting  tube,  the  difference 
between  the  two  water  levels  represents  the  gas  pressure  in  terms 
of  a  column  of  water. 

.'\  series  of  these  gauges,  to  indicate  the  pressure  existing 
between  the  different  apparatus  of  the  gas-works,  should  be  fixed 
in  some  position  convenient  for  frequent  inspection. 

King's  gauge  (Fig.  96)  is  constructed  on  the  same  principle  as 


the  above,  but  it  indicates  slighter  variations  of  pressure  ;  the 
finger  having  a  long  sweep  for  small  differences  of  water  level, 
and  the  dial  being  graduated  into  finer  divisions. 

The  differential  gauge  (Fig.  95)  is  commonly  attached  to  the 
inlet  and  outlet  pipes  respectively  of  station  meters  ;  the  indica- 
tions of  the  instrument  being  the  difference  in  pressure  between 
the  two,  showing  the  pressure  absorbed  in  actuating  the 
meter. 

Coloured  water  for  pressure  gauges  is  made  by  infusing  a  little 
pounded  cochineal  in  hot  water.  It  is  then  filtered,  and  a  few 
drops  of  nitric  or  hydrochloric  acid  added,  to  prevent  the  bright 
scarlet  colour  from  fading. 


Kto.  93. 


Kir..  94. 


Fig.  95. 


Fui.  96. 


The  glass  tubes  of  pressure  gauges,  when  foul,  may  be  cleansed 
with  a  weak  solution  of  sulphuric  acid  in  water. 

Pressure  and  Exhaust  Registers, —The  principle  of  action  of 
these  instruments  (Fig.  97),  invented  by  Crosley,  is  the  same  as 
that  of  the  foregoing,  but  they  are  made  to  nconf  as  well  as 
imiUafe  the  pressure  or  exhaust,  as  the  case  may  be. 

This  is  accomplished  by  means  of  a  float  in  water,  to  which 
a  vertical  spindle  is  attached,  having  a  lead-pencil  at  the  upper 
end.  pressing  upon  a  cylindrical  graduated  roll  of  paper  upon 
a  drum,  which  is  caused  to  revolve  by  clockwork  once  in  the 
twenty-four  hours.     The  paper  roll  is  renewed  daily. 

The  exhaust  register  is  connected  to  the  mains  on  the  works 
at  a  point  between  the  hydraulic  main  and  the  exhauster,  and  the 
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record  shows  whether,  in  the  absence  of  the  manager,  the  ex- 
hauster has  been  kept  working  with  regularity. 

The  pressure  register  is  attached  to  the  street  main  beyond 
the  governor,  and  records  the  various  pressures  maintained  therein 
during  the  day  and  night. 

The  difference  between  the  exhaust  and  pressure  registers  is 
Simply  one  of  detail  in  construction  ;  the  zero  line  in  the  former 
being  placed  midway  on  the  scale,  and  the  spindle  lengthened  to 
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Fig,  97. 


Fi.:.  98. 


correspond,  whilst  the  area  of  ihe  float  Is  also  increased.  In  the 
latter  the  zero  line  is  at  the  bottom. 

Wright's  pressure  register  (F'^ig.  g8)  is  a  combination  of  the 
King*s  gauge  with  a  tlnicpifce  having  a  circular  plate  and  paper 
disc  instead  of  a  dial.  The  twenty-four  hours  are  printed  on  the 
disc,  and  a  pencil  at  the  end  of  a  rod  actuated  by  the  float, 
pressing  upon  this,  records  the  varying  pressures. 

Mr.  W.  H.  Cowan  has  invented  a  neat  and  compact  instrument 
which  records  the  pressures  by  photography  upon  sensitized  sheets 


on  the  revolvinjf  cylinder,  instead  of  by  the  markings  of  the  usual 
lead-pencil. 

THE  GASHOLDER  TANK. 

The  tank  is  that  portion  of  the  storage  reservoir  for  gas  which 
contains  the  water  in  which  the  floating-  vessel  or  holder  rises  a.«id 
descends  (Figs.  99,  ioo»  101). 


Oruund 


Chtund 


iinr. 


Fig.  10a 


^iin€. 


Ground 


Fii;.  loi. 

It  may  be  constructed  either  wholly  or  partially  under  the 
ground  level,  or  (as  in  the  case  of  iron  tanks)  entirely  above 
ground  (Fig.  too). 

The  first  thing  to  be  done,  in  determining  the  site  of  a  tank, 
is  to  sink  a  well  or  shaft  in  the  vicinity,  or  to  make  a  number 
of  borings  on  or  near  to  the  site,  in  ordt-r  lo  ascertain  the  character 
of  the  strata  in  which  the  excavation  for  the  proposed  tank  has 
to  be  made.  If  the  ground  in  the  immediate  neighbourhood  is 
clear  of  other  tanks  or  buildings,  it  Is  not  a  matter  of  serious 
concern  to  find  that  a  bed  of  sand,  ftill  of  water,  has  to  be 
encountered.  To  overcome  a  diOiculty  of  that  kind  in  such  cir- 
cumstances is  chiefly  a  question  oi  pumping  power.     Piling  also 
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might  be  resorted  to,  and  the  free  use  of  concrete,  in  case  there 
is  a  possibility  of  the  water  being  removed  by  pumping  from 
underneath  the  tank  at  any  future  time.  But,  on  the  other  hand, 
if  there  are  adjacent  structures  which  it  is  unwise  to  run  the  risk 
of  damaging,  then  it  is  well  to  be  chary  about  pumping  the  water 
from  the  underlying  sand  and  gravel.  In  such  event,  it  is  almost 
a  matter  of  certainty  that  the  removal  of  the  water,  accompanied 
also  by  the  removal  of  a  large  proportion  of  the  sand  along^  with 
it,  would  cause  subsidence  of  the  ground  in  the  vicinity,  with 
consequent,  and  possibly  irrepanible,  damage  to  the  structures 
upon  it.  The  safer  and  more  prudent  thing  to  do  in  such  a  case 
IS  either  to  abandon  the  site  for  another,  or,  if  that  cannot  well 
be  done,  to  construct  the  tank  either  wholly  or  partially  above 
ground,  and  of  cast  or  wrought-iron  plates. 

Assuming  that  the  site  for  a  gasholder  lank  has  been  finally 

settled  ;  that   it   has  been  decided    the  tank  shall  be  constructed 

oT    fnasonry  (which  term  includes  stone,  brick,  and  concrete,  or  a 

combination  of  these) ;    that   it   has   been   ascertained  by  boring 

tft^it  water  is  present  in  objectionable  abundance  in  the  substrata 

'o    be  pierced — the  first  thing  to  be  done  is  to  sink  a  well  or  sump, 

3    tio  4  ft.  in  diameter,  at  a  convenient  distance   from  the  circum- 

^^•■^noe  of  the  proposed  excavation.     This  should  be  lined  with 

Of^^n   unmortared    brickwork   (technically  called    '*  steinjng")^  to 

4^  low  of  the  free  percolation  of  the  water  into  the  sump  or  well 

through  the  joints  of  the  lining.      Into  this,  when  the  sinker  has 

iea.ched  the  water-bearing  strata,  he  conveys  the  suction  pipe  of 

the  pump,  puts  the  latter  in  operation,  and  clears  out  the  inflowing 

water  to   enable    him    to   proceed  with   his   xvork.     This   well    is 

tarried  down  to  a  depth  of  3  to  5  ft.  (depending  on  the  volume 

of  water  present)  below  the  bottom  of  the  intended  excavation, 

and  is  then  paved  with  bricks  set  in  cement.      If  the  strata  are 

of  uniformly    open   character — consisting,    say,   of  a    mixture  of 

gravel  and  sand — one  sump  will  be  sufficient  to  clear  the  ground 

of  water  ;  otherwise,  if  it  is  not  uniform,  but  barred  by  intervening 

clayey  deposits  (not  an  unusual  thing),  and  even  by  solid-bedded 

sand- -for  this  sometimes  is  almost  as  impervious  as  clay — it  may 

be  necessary  to  drain  the  water  to  the  sump,  or  even  to  put  down 

two  or  more  sumps  outside  the  ground  operated  on.     Duplicate 

pumps  should  be  provided  w-here  the  inflow  of  water  is  very  great. 


With  these  arrangements  completed,  the  work  of  excavating  att- 
building  can  be  proceeded  with  unhindered  by  the  presence  of  an 
undue  nmount  of  water. 

In  the  course  of  practice,  the  excavation  for  a  tank,  of  whicfl 
the  writer  was  engineer,  was  chiefly  through  hard  sandstone  rock 
the  layers  of  which  had  been  tilted  up  into  almost  the  vertica. 
position.  This  was  fissured  and  cracked  in  all  directions,  an 
through  the  crannies  water  bubbled  up  in  numberfcss  springs, - 
Although  one  side  of  the  adjacent  ^Tound  was  at  a  lower  level' 
than  the  tank  bottom,  it  was  impossible^  by  any  reasonable  ex- 
pedient, to  draw  off  the  water  from  the  outside.  Possibly,  by 
sinking  a  shaft  to  a  considerable  depth,  it  might  have  been  accom- 
plished. But  considering  the  nature  of  the  strata,  that  would 
have  been  costly  ;  so  other  means  were  resorted  to  to  overcome 
the  diflicully.  It  is  not  an  easy  thing — in  many  cases  it  may 
be  prontnmced  to  be  impossible —  to  choke  out  water  from  a  tank 
from  the  inside.  In  puddling  the  bottom  of  the  tank  in  question, 
and  covering  the  puddle  with  a  bed  or  layer  of  concrete,  the 
springs  were  by  no  means  closed  ;  and  though  they  were  reduced 
in  number,  the  flow  of  water  was  still  quite  as  plentiful  as  before. 
Assuming  that  the  pressure  in  these  springs  was  sufficiently  great 
to  have  overcome  the  pressure  of  the  head  of  water  in  the  tank 
when  the  latter  was  full,  there  would  have  been  no  objection  to 
leaving  Ihem  to  fluw  unliindered.  But  that  was  a  risk  which  it 
was  not  prudent  to  run.  The  head  of  water  in  the  tank  would 
probably  have  more  than  counterbalanced  the  pressure  of  the 
springs;  and  where  water  can  enter,  it  can  as  easily  make  its 
exit.  The  plan  which  in  this  case  was  adopted  for  making  the 
tank  water-tight,  was  to  train  or  drain  the  different  streams  of 
inflowing  water  to  one  point  by  cutting  a  trench  round  the  side 
of  the  bottom  where  the  springs  occurred,  and  laying  therein 
strong  3-in.  drain  pipes,  which  in  turn  were  carefully  protected  by 
a  covering  of  strong  concrete.  The  springs  usually  occur  at,  or 
near  to^  the  base  of  the  mound  or  dumpling  left  in  the  tank 
bottom.;  so  that  it  is  easy  to  gather  them  together  by  a  drain  and 
convey  the  water  all  to  one  convenient  point.  There  was  now 
only  one  stream  of  inflowing  water  to  deal  with  ;  and  at  this 
point  was  placed  a  3-in,  cast-iron  stand-pipe,  3  ft.  in  length, 
closed  by  a  valve  at  its  upper  end,  and  the  flanged  foot  secured 
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add  gas.  The  chemical  formula  Fur  hmestone  is  CaCO^.  The 
object  of  burninj<"  or  calcining  the  limestone,  as  is  well  known,  is 
to  expel  the  water,  which  is  mechanically  held  in  it,  ;jnd  the 
carbonic  acid,  COo.  The  quicklime  or  oxide  of  calcium  being  left, 
its  formula  is  therefore  CaO.  The  equation  representing*  the 
jffiects  of  the  process  of  calcination  is  CaCOu  =  CaO  +  CO^. 
'Curiously  enough,  the  water  which  xa  present  in  ordinary  lime- 
stone when  it  is  first  broken  in  pieces,  and  not  dried  by  exposure 
to  the  air,  assists  the  calcination  of  the  material  by  promoting  the 
escape  of  the  carbonic  acid. 

The  crudest  method  of  burning^  lime,  and  ih;ti  practised  by 
half-civilized  peoples,  is  to  range  the  materials  on  the  ground  in 
alternate  layers  with  coal,  wood,  turf,  or  other  fuel,  surrounding 
them  with  clay  or  clods  of  earth  to  retain  the  heat ;  a  firehole  being 

I  led  in  the  bottom,  and  an  opening  made  in  the  apex  of  the  heap 
lo  allow  of  the  escape  oi  the  gas.  Fire  being  applied  to  the  fuel, 
K  is  allowed  to  burn  itself  out,  and  the  process  is  complete.  This, 
as  might  be  supposed,  is  the  least  economical  plan  to  adopt ;  the 
quantity  of  fuel  required  bearing  an  undue  proportion  to  the  bulk 
of  lime  produced. 

Lime  kilns  are  constructed  in  various  forms;  but  whatever 
form  they  take,  they  are  resolvable  into  two  classes  —  viz., 
tunnel  kilns  and  flare  kilns  ;  the  former  having  the  coal  or  other 
fuel  and  limestone  arranged  within  tlicm  in  allernrUe  layers,  and 
Lthe  latter  Ix^iiig  fired  without  allowing  the  fuel  to  come  in  contact 
ith  the  lime.  Hither  of  these  may  be  perpetual  or  draw  kilns — 
they  may  be  kept  constantly  at  work  by  removing 
le  from  the  drawhole  at  the  bottom,  and  adding 
the  top;  or  the  fuel  may  be  fired,  and  the  charge 
itself  out,  an;l  become  cool   before  discharging 

wn  in  Figs.  87  and  88.     The 

oughout  ;  but  this  docs  not 
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dredged  to  a  depth  of  lo  ft.  below  the  water-level.  This  spa< 
was  carefully  filled  in  to  above  the  stream-level  with  stiff  ch 
puddle,  well  rammed  down.  The  work  was  eminently  successfut  ' 
and  it  was  found  an  easy  matter  to  cope  with  any  water  from  ih  -^ 
stream  that  reached  the  excavation,  either  from  beneath  or  frone:^* 
beyond  the  two  ends  of  the  cofferdam.  \ 

The  presence  of  water  in  an  excavation  is  not  always  objection — ^ 
able,  unless  it  be  excessive  in  volume.  For  example^  in  excavatin^^ 
through  stiff  clay,  it  renders  the  work  of  the  labourer  much  easier"^ 
than  if  the  ground  is  dry  and  hard.  Those  who  have  had  experi-  — 
encc  in  shifting-  boulder  clay  will  readily  endorse  this  view.  Strata 
of  this  character  are  often  so  hard  and  parched  and  intractable  as  I 
to  require  blasting"  to  facititate  removal. 

Avoid  puddling  a  tank  bottom  in  wet  weather,  especially  if  the 
bottom  is  in  the  form  of  a  mound  or  cone.  Uniformity  of  consist- 
ence in  the  puddle  is  of  more  importance  here  than  ag'ainst  the 
outside  of  the  walls,  for  the  obvious  reason  that  the  bottom  has  I 
to  bear  the  pressure  of  the  water  when  the  tank  is  filled.  If  one 
portion  is  well  consolidated  and  firm  and  another  soft  and  yield- 
ing, the  concrete  covering  is  liable  to  crack  and  split  open,  owing 
to  the  unequal  sustenance.  It  is  almost  impossible  to  preserve  i 
this  necessary  uniformity  with  water  coursing  down  the  slope 
of  the  mound,  the  puddle  becoming  sodden  and  sloppy.  The  fact 
that  equal  sustenance  Is  of  such  importance  also  proves  the  neces- 
sity of  having  the  clay  covering  on  the  bottom  of  one  uniform 
thickness  all  over.  Even  the  deeper  excavation  made  to  receive 
the  horizontal  portions  of  the  inlet  and  outlet  pipes  should  have 
a  solid  concrete  lllling,  allowing  for  just  a  like  thickness  of  puddle  \ 
above  them  as  over  the  other  parts  of  the  apron  and  cone.  j 

It  is  not  a  wise  thing  to  test  the  lightness  of  a  tank  with  water 
immediately  on  completion.  Better  wait  till  the  holder  is  finished, 
in  order  to  give  the  puddle  and  cement  time  to  set  before  subject- 
ing them  to  the  heavy  pressure  of  water.  We  have  known  several 
instances  of  the  splitting  of  tanks  due  lo  this  premature  filling 
with  water.  Further,  before  fiding  a  tank  with  water  for  the 
first  time,  the  puddle  and  backing  behind  the  wall  should  be 
carefully  watered  —  by  means  of  a  hose-pipe,  if  possible  —  for 
several  days  before  the  filling  is  begun,  and  also  during  its  | 
progress.     This  promotes  consolidation  of  the  backing.  I 
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In  excavated  tanks,  wherever  the  substratum  is  favourable, 
it  is  economical  to  leave  a  circular  or  conical  mound  in  the  centre. 
This  is  called  the  **  dumpling  "  or  *'  cone  "  (Fig.  99). 

Tanks  are  occasionally  formed  by  making  a  circular  cutting  in 
the  ground,  and  erecting  therein  an  iron  or  brick  annular  channel 
to  contain  the  water,  the  intervening  central  space  being  also 
covered  with  water,  but  of  a  less  depth,  depending  on  the  extent 
to  which  the  subsoil  has  been  removed.  This  central  space  re- 
[  C|U.ires  to  be  covered  with  a  layer  of  concrete,  and  the  surface 
t  '"endered  with  Portland  cement.  These  are  called  annular  tanks. 
^^  (S«eFig.  loi.) 

^H  Excavation  for  Tank* — The  width  of  the  excavation  for  a  tank 

^'ct^pends  on  the  nature  of  the  substrata  encountered,  whether  clay, 
^i'iale,  gravel,  sand,  &c.,  unless  a  complete  system  of  close-shoring 
^^  means  of  timber  all  round  is  adopted.  The  best  method  is  to 
*  »  rik  a  trench  12  ft.  wide  all  round  the  circumference,  and  close- 
t*  ■Tiber  both  bides  of  the  excavation.  Where  the  ground  is  yielding 
*»^d  soft,  or  saturated  with  water,  the  verlical  shoring-trmbers 
'■"^^^ybe  7  in.  wide  and  3  in.  thick,  the  waling  pieces  double,  and 
5        ft.  apart,  11   in.  by  3  in.,  and  the  struts  9  in.  by  6  in.,  in  cross 

Ccrtion.     This  will  afford  substantial  support. 
Natural  Slope  or  AugU  of  Repose  of  Earths 
"jaiUi  Horisontal  Line, 


(Fig.  102.) 


Sand,  dry     . 

Sand,  damp           .  ,, 

,6  Shingle  and  gravel  ,, 

Clay,  drained        .  ,, 
Clay,  wet      . 

Earth,  compact    .  ,, 
Peat  or  vegetable  earth  ,, 


average  37 

40' 
45" 
16'" 

4H^ 
28° 


or  I  *33  to 

».  2'63  ., 

>.  x'2     .. 

..  i"o    ,, 

»»  3  3     >» 

M  09        »t 

,,  1*89  ,, 


Weight  of  various  Earths  and  Rocks. 


Per  Cubic  ^'ard.     I 
Sand,  dry  .         .  about  2430  lbs.  ]  Marl 
Sand,  damp       .       ,,     3200    ,,     •  Shale 
Shingle  and  gravel  ,,     2850    ,,       Chalk 
Clay.  .         .       ,,     3240    ,,        Sandstone 

Mud.  .       ,,     2700    ,,     I  Slate 


Per  Cubic  \* ard. 
about  2900  lbs. 

M  4370        M 

,,     4000    „ 

i»     425*^    »» 
„     4860   ,, 
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Materials  of  which   Tanks  are   Constructed, — Tanks  are 

constructed  of  stone  (either  built  up,  or  excavated  from  the  solid 
rock),  brick,  concrete,  cast  or  wrought-iron,  or  a  combination  of 
iron  with  the  other  materials. 

The  kind  of  material  employed  is  regulated,  as  a  rule,  by  the 
character  of  the  district  where  the  g'as-works  are  situated,  and 
the  nature  of  the  ground  whereon  the  erection  is  to  be.  If  the 
neighbourhood  abounds  in  stone,  the  probability  is  that  that  will 
be  the  cheapest,  and  will  consequently  be  adopted  in  the  con- 
struction of  the  tank.  But  even  in  districts  where  stone  is  plenti- 
fuJ,  if  this  is  of  a  hard  nature,  the  expense  of  dressing  is  such  as 
to  make  the  tank  more  costly  than  if  built  of  bricks,  though  the 
latter  may  have  to  be  brought  from  a  distance.  In  places  distant 
from  a  supply  of  building  material,  and  to  which  the  latter  has  to 


be  brought  by  conveyance,  brick  will  generally  be  chosen  as  the 
most  suitable. 

On  the  other  hand,  where  the  ground  is  of  such  a  character  as 
would  entail  an  extraordinary  outlay  in  securing  a  good  founda- 
tion, or  where  it  is  unsafe  for  a  brick  or  stone  structure  ;  or, 
again,  where  the  sinking  of  a  tank  is  almost  impossible,  owing 
to  the  presence  of  a  large  body  of  inflowing  w^ater  through  the 
strata,  as  by  the  seaside,  or  contiguous  to  some  rivers,  the  best 
class  of  tank  to  be  adopted  is  one  made  either  of  cast  or  wrought 
iron,  or  steel  plates  bolted  or  riveted  together,  the  cast-iron  plate 
joints  being  either  planed  or  made  water-tight  with  rust  cemenL 
It  is  only  under  such  circumstances  that  iron  tanks  are  adopted, 
as  their  cost  is  greater  than  either  brick  or  stone,  and  the  erection 
of  a  tank  above  ground  is  disadvantageous  in  several  respects. 

It  may  happen  that  the  ground  is  of  such  a  nature  as  to  render 
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he  construction  even  of  an  iron  tank  upon  it  unsafe  ;  or  tliere  may 
e  a  slope  or  embankment  In  dan^ferous  proximity.  In  such  cases 
irccourse  may  be  had  to  piling  to  give  it  solidity  and  prevent 
ovement. 
In  the  construction  of  a  tank  the  use  of  a  trammel  to  ensure 
accuracy  in  the  circle  is  indispensable.  In  Fig.  103  is  shown  a 
cronvenient  form  of  this  apparatus. 

When  the  lank  is  of  large  diameter^  say  140  ft.  and  above,  the 
movable  arm  of  the  trammel  is  necessarily  long  and  heavy,  and  in 
«»uch  case  the  centre  post  may  be  a  steel  lattice  ^rifder  stayed  with 
•wire  guy  ropes.  The  apparatus  should  remain  in  position  and 
vise  until  the  tank  coping  is  fixed.  In  addition  to  the  trammel, 
-wood  templates  16  ft.  long,  made  to  the  proper  curve  on  their 
outer  edge,  should  be  provided  and  frequently  applied  to  the 
urface  of  the  wall  as  it  rises. 

Masonry  tanks,  being  porous,  are  generally  built  with  a  backing 
of  clay  puddle  behind  the  walls  and  in  the  bottom  ;  but  the  puddle 
c^an  be  dispensed  with  by  lining  the  tank  with  a  coat  of  neat 
Vortland  cement  about  i  in.  in  thickness.  Mortar  composed  of 
crement  and  clean  sharp  sand  in  equal  proportions  by  measure 
rnakes  a  water-tight  lining,  provided  it  is  carefully  polished  to 
smooth  face  with  a  steel  trowel. 
A  lining  of  4j-in,  brickwork,  with  a  space  between  the  tank 
Awall  and  the  lining,  i  in,  wide,  filled  with  neat  cement  or  asphalt, 
s  also  occasionally  adopted. 

The  walls  of  a  tank  so  treated,  being  impervious  to  water, 
require  to  be  made  somewhat  stronger,  and  the  backing  more 
Oarefully  consolidated,  than  where  puddle  is  employed,  because 
I  here  is  no  fluid  pressure  outside  to  balance  the  fluid  pressure 
^vithin  the  tank. 

The  weakest  part  of  a  masonry  tank,  as  usually  constructed,  is 
that  where  the  inlet  and  outlet  pipes  pass  through  the  wall  at  the 
bottom.  The  instances  of  failure  here  are  so  numerous  as  to  justify 
the  plan,  sometimes  adopted,  of  placing  the  pipes  in  a  recess  built 
in  the  tank  wall.  The  objection  to  this  recess  is  that  it  breaks 
the  circle  of  the  wall,  and  consequently  weakens  its  power  of 
resistance  to  outside  pressure  ;  but  continuity  of  the  circle  can 
be  secured  by  strutting  the  opening  with  cast-iron  struts  as  in 
Kig.  104. 
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Or  the  pipes  can  be  made  square  in  section,  and  built  in  with 
the  wall,  as  in  Fig,  105. 

When  a  brick  or  stone  tank  built  in  blue  lias  lime  mortar  is  of 
large  dimensions,  the  walls  may  be  strengthened  at  intervals  of 
2  or  3  ft.  apart^  by  rings  2  or  3  ft,  in  width,  of  the  brick  or  stone 
laid  in  Portland  cement  mortar. 

Hoop-iron,  or  flat  wrought-iron  rings,  built  at  intervals  into 
the  masonry  or  concrete,  are  occasionally  used  for  giving  strength 
lo  the  walls  of  a  tank.  When  the  diameter  is  great,  and  particu- 
larly in  tanks  where  no  puddle  is  employed,  flat  bar-iron  hoops, 
braced  or  tightened  by  screws  or  cotlerSt  are  also  sometimes 
placed  round  the  outside. 

When  from  any  cause  it  is  found  impracticable  or  undesirable 
to  construct  a  masonry  tank,  whether  of  stone,  brick,  or  concrete, 
with  its  coping  on  a  level  with  the  adjacent  ground,  circumstances 
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may  require  that  the  raised  portion  of  the  wall  should  be  strength- 
ened, in  addition  to  the  support  given  by  the  earth  backing,  either 
by  flat  wrought-iron  or  steel  rings  built  into  it,  or  by  outside 
wrought-iron  or  steel  hoops.  One  such  ring  or  hoop  will  suflfice 
for  every  4  ft.  in  height  of  the  tank  wall  above  the  natural  ground- 
level.  The  strength  of  the  iron  will,  of  course,  be  determined  by 
the  dimensions  of  the  tank  ;  but  it  may  be  stated,  by  way  of  guid- 
ance, that  for  a  tank  of  102  ft.  in  diameter  the  iron  should  be 
5  in.  wide  and  J  of  an  inch  thick.  The  flat  ring  is  made  continuous 
throughout  the  circle  by  riveting,  and  the  hoop  by  screw-bolts 
or  cotters. 

The  bricks  used  in  building  a  tank  should  be  thoroughly  well 
wetted  before  being  laid,  to  cause  the  mortar  to  adhere. 

In  time  of  severe  frost  all  brick  and  stone  work  should  cease. 

To  prevent   injury  in   time  of  rain,  and  especially  in  winter 


GA&  KNUlNEEItS  AND  MANAGERS. 


169 


when  a  sudden  frost  might  supervene,  the  top  of  the  new  walling 
ould  be  covered  with  weather  boards. 


I 


Concrete, 


By  measure. 

6  parts. 

-      t » 
I  part. 


7  parts. 
I  part. 


Blue  lias  lime  concrete  (for  foundations) — 

•    Gravel,  shingle,  broken  stone,  bricks,  or  old  retorts, 
i^  to  2  in.  cube  ...... 

Olean  sharp  sand    ....... 

Blue  lias  or  other  hydraulic  lime     .... 

Portland  cement  concrete  (for  tank  walls) — 

Gravel,  shingle,  broken  stone,  bricks,  or  old  retorts, 

»i^  in.  cube  ....... 
Glean  sharp  sand  ....... 
Portland  cement      ....... 

Mr.   J.    Douglas    gives    the   following   useful    instructions    for 

mixing   or  preparing  the   concrete:     '*A   platform,    about   3o  ft. 

square,   of  deals,   should    be  laid  on  the  ground   lo  ensure   the 

clean  mixing  of  the  materials.     The  measure  for  the  material   is 

simply  a  square  box  without  top  or  bottom,  and  should  contain,  as  a 

convenient  quantity,  about  half-a-yard.     It  should  be  twice  as  many 

inches  deep  as  the  proportions  of  cement  and  ballast.     For  instance, 

if  the  cement  is  i  in  8,  it  should  be  i6  in.  deep.      Inside,  at  2  in. 

from  the  top,  nail  a  lath  all  the  way  round  ;  and  after  placing  the 

measure  at  one  end  of  the  platform,  fill  the  box  with  shingle  or 

ballast  lo  the  level  of  the  lath,  and  complete  with  cement,  striking 

the  cement  level  with  a  straight-edge.     The  box  measure  can  then 

^  lifted  up  and  removed,  when  the  cement  will  fafl  down  over 

and  among  the  aggregate,  and  the  whole  mass  should  be  twice 

turned  over  dry.     Water  can  then  be  added  through  a  rose,  and 

Ihe  whole   turned   twice  over  again.     As  little  water  should   be 

i^dded  as  possible,  but  enough  to  thoroughly  moisten  the  whole 

mass.    The  concrete  is  then   fit   for    use.     In  dry  weather  it  is 

necessary  to  keep  the  work  damp,  aS|  if  there  is  not  sufficient 

water  to  enable  the  cement  to  set  —  about    1 1 J   per  cent.  —  the 

*^ncrete  will  be  useless.     It  is  also  important  to  thoroughly  wet 

■  the  previous  work  on  which  the  fresh  concrete  is  to  be  laid." 
Concrete  is  best  placed  in  position  from  barrows  wheeled  close 
**?;  it  should  then  be  well  and  solidly  rammed  down.     To  tip  it 
"^o**!  a  height  (as   was   formerly  the   practice)  is   objecl\onaXi\^, 
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as   tending^  to   disintegrate  the  ingredients  of  which  it  is   com- 
posed. 

The  Kind  of  Mortar  Employed.  —  In  the  construction  of  brick 
or  stoiiu  tanks,  Mydraulic  mortar  or  cement  mortar  (either  one  or 
the  other,  or  both)  is  invariably  used.  The  following  is  their 
composition  : — 


Hydraulic  Mortar, 


By  measure. 

Best  blue  lias  lime     . 

. 

\  part. 

Clean  sharp  river  sand 

or. 

1  parts. 

Best  blue  lias  lime 

. 

I  part. 

Burnt  clay 

or, 

2 J  parts. 

Best  blue  lias  lime    . 

•         . 

I  part. 

Puzzolana 

. 

(      .1 

Clean  sharp  sand 

. 

6  parts. 

Cement  ^fortar. 

Cement,  Portland 

• 

J  part. 

Clean  sharp  sand 

. 

3  parts. 

The  lime  should  be  fresh  burnt,  and  not  more  than  suflicient  of 
the  mortar  for  a  day's  work  prepared  at  once.  The  cement  mortar 
should  only  be  made  as  it  is  being-  used. 

The  characteristics  of  good  Portland  cement  are  thus  succinctly 
stated  by  Mr.  P'aija  :  *'  In  colour  it  should  be  of  a  dull  bluish  grey, 
and  should  have  a  clear,  sharp,  almost  floury  feel  in  the  hand;  it 
should  weigh  from  i  \2  lbs.  Lo  1 18  lbs.  per  striked  bushel  (S7  to  gi 
tbs.  per  cub.  ft.),  and  when  moulded  into  a  briqucttei  or  small 
testing-block,  and  soaked  in  water  for  seven  days,  should  be 
capable  of  resisting  a  tensile  strain  of  from  300  to  400  lbs.  per 
square  inch.  The  cement  should,  during  the  process  of  setting, 
show  neither  expansion  nor  contraction." 

Puddle, — For  puddle,  clay  mixed  with  one-third  sand,  silt,  or 
soil  free  from  vegetable  fibre^  is  preferable  to  pure  clay,  being 
firmer  in  texture  and  less  liable  to  crack  when  dry.  It  should 
be  prepared  outside  of  Ihe  trench,  put  in  in  tiiin  layers  as  the 
wall  of  the  tank  is  built,  kept  moistened,  trodden  well  in  with 


the  feet,  and  backed  up  with  earth  carefully  pounded.     A  cubic 

»3'ard  of  puddle  weighs  about  2  tons. 
Iroa    Tanks. — In   cast-iron  tanks  the  flanges  of  the  bottom 
fDlate.s   should   always   be   iusiih\   whilst   those   for  the  sides   may 
t>e  ouisuit't   and    the  plates   should    break   joint   with   each   other 
throughout. 

Iron  piers,  or  piers  of  bricks  stone,  or  concrete,  are  erected  at 
^quaJ    distances  apart  round    the  outside  of   iron  tanks,   for  the 
purpose  of  supporting  the  gasholder  columns  or  standards. 
^_  Leakages  of  water  from  iron  fanks  may  often  be  greatly  reduced 

^ppr  altogether  stopped  by  emptying  a  bushel  or  two  of  horse  dung 
1  nto  the  water  contiguous  to  the  escape.  A  handful  of  tine  iron 
filings  sprinkled  lightly  over  the  dung  will  be  found  of  advantage. 
By  this  simple  expedient,  very  heavy  escapes  have  frequently  been 

*areduced  to  a  mere  drip  within  the  space  of  a  few  minutes. 
Dry  Wells,  and  Inlet  and  Outlet  Pipes, — The  dry  or  stand- 
^ipe    well    is    not    necessarily    the    invariable    accompaniment    of 
«»  gasholder   tank.      Some  engineers  prefer  to  dispense  with   it 
i*ltogether. 

Many  of  the  largest  tanks  are  made  without  dry  wells,  the  inlet 

«ftnd  outlet  pipes  being  of  such  ample  diameter  as  to  admit  of  their 

examination  and  repair,  if  need  be,  from  the  inside. 

^B  The  advantage  supposed  to  be  gained  by  providing  a  dry  well 

l^pl^;  the  facility  which  it  affords  of  access  to  the  inlet  and  outlet  pipes, 

V)oth  vertical  and  horizontal,  in  case  of  fracture,  without  disturbing 

■  the  puddle  or  other  backing  of  the  tank  wall. 
In  small  tanks  it  is  not  unusual  to  form  a  recess  in  the  tank 
"Wall  in  which  the  inlet  and  outlet  pipes  are  placed,  and  are  thus 
accessible  when  the  tank  is  emptied  of  water  (Kigs.  104.  105). 
'^H  The  inlet  and  outlet  pipes,  especially  when  of  wrought-iron  or 
^"  steel,  should  be  securely  anchored  or  bolted  down  to  the  stone  or 
Concrete  base  on  which  they  rest  within  the  tank.  If  this  is  not 
done,  the  water,  by  reason  of  its  flotation  power,  is  liable  to  raise 

•them  slightly,  and  so  disturb  and  cause  a  leakage  through  or  past 
the  puddle  or  concrete  in  which  the  horizontal  portions  of  the  pipes 
arc  embedded. 

Thickness  of  Tank  Walls, — The  walls  of  masonry  tanks 
^t  (brick,  stone,  and  concrete)  are  never  required  to  resist,  unsup- 
^^  ported,  the  pressure  of  the  water  acting  upon  their  sides,  but  are 
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generally  built  under  the  surface-level  of  the  ground  within  the 
space  of  an  excavation  made  for  that  purpose,  and  having  a  back- 
ing of  earth  carefully  rammed  all  round  them,  if  the  upper  portion 
of  the  tank  is  allowed  to  rise  above  the  natural  ground-level,  a 
supporting  embankment  Is  raised  behind  the  projecting  portion. 
The  earth  backing  offers  a  resistance  to  the  pressure  of  the  water 
within  the  tank  greater  than  the  combined  weight  of  the  wall  and 
the  cohesive  nature  of  its  component  ingredients  ;  and  consequently 
in  designing  a  tank  wall  this  fact  is  allowed  for,  and  a  deduction 
made  from  the  calculated  unsupported  thickness  of  the  masonry. 

In  the  well-known  Mnrntirt'  by  M.  Arson,  a  translation  of 
whichf  by  Dr.  Pole,  is  given  in  KiJtg's  Treuiisc  (Vol.  11.,  p.  i8i 
et  seq,)i  the  author  investigates  this  subject  with  his  usual  ability. 
After  some  preliminary  observations  on  the  nature  of  the  ground, 
and  the  choice  and  placing  of  material,  he  proceeds  to  a  considera- 
tion of  the  forces  and  resistance  in  a  gasholder  tank  of  masonry, 
and  deduces  the  formula;  as  follows  : — 

As  to  the  pressure  of  the  'scater, 

(i)  SD  ^  =  tfhe  total  force  of  the  water* 

Tfien  as  to  the  threefold  resistance  to  this  force. 

W 

(i)  CD'-T-  ^  the  resistiittce  of  the  earth  backing, 

p|j2r\iu 

(2)  — =/Afi  resistance  of  the  weight  of  the  masonry. 

(3)  KH-E  -^  the  resistance  due  to  cohesion. 
Adding  the  combined  resistance  from  ihc  three  sources  together, 

we  have — 


And  to  produce  stability  of  the  tank  these  must  be  greater  than 
the  effect  of  the  pressure  of  the  water- — 

where  D  =  Internal  diameter  of  the  tank  in  feet. 

E  =  Thickness  of  the  wall  (average)  in  feel. 
D^ »  External  diameter  of  the  tank  in  feet. 
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H  =  Height  of  wall  in  feet, 

S  =  Weight  of  a  cubic  foot  of  water. 

C  =  Resistance  of  the  earth  backing  in  lbs.  per  square 

foot. 
p  =  Weight  of  a  cubic  foot  of  the  masonry. 
K  -  Cohesive  force  per  square  fool. 

\  Applying  these  formula;  to  a  tank  actually  constructed,  let  us 
sec  how  they  work  out.     Take  the  tank  described  on  p,  180 — 

U  =   Internal  diameter  of  tank,  122  ft, 

E  *  Average  thickness  of  wall,  2J  ft. 

D' =  External  diameter,  127  ft. 

H   =   Height  (or  depth),  24  ft. 

S  =  Weight  of  a  cubic  foot  of  water,  62*5  lbs. 

C  =  Resistance  of  the  earth  backing  per  square  foot, 
clay  and  earth,  say  average,  1200  lbs. 

P  =  Weight  of  a  cubic  foot  of  the  masonry,  1 12  lbs. 

K  =  Cohesive  force  per  square  foot,  bricks  in  1  Port- 
land cement  to  3  sand,  mortar,  31,680  lbs. 


(«) 


Then— 

sd"' 

o 


(I)     CD 


2 


s        63*^  X  132 


T200  X   127 


34' 


H' 


(3) 


PE^D'H 


Max  a'5'x  137 X  24 _ 
2  • 


=  I7i568,cx»  =  total  force  of 
the  water 
in  lbs. 

—  43,891,300  =  resistance  of 
earth  back- 
ing. 

resistance    of 


=    1,066,800 

weight    of 
masonry. 

(3)    KH-E        *    31,680  X  34' X  3*5   =  45,619,200  =  resistance  due 

to  cohesion. 

90,577,300  «  total     resist- 
ance in  lbs. 

or  more  than  five  times  the  pressure  of  the  water,  which  is  an 
ample  margin  for  safely. 

It  has  already  been  pointed  out  that  the  walls  of  brick  tanks, 
which  are  porous  in  some  degree,  having  a  backing  of  clay  puddle 
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behind  and  over  the  tank  bottom,  are  placed  in  equilibrium 
water  on  both  sides,  and  therefore  do  not  require  to  be  of  as  g-reat 
a  thickness  as  those  with  an  internal  lining  of  cement  impermeable 
to  water.  In  the  latter  case  special  care  should  be  taken  to  see 
that  the  earth  backing  is  thoroughly  consolidated  behind  the 
wall,  so  that  the  pressure  of  the  water  ag^ainst  the  tank  may 
lie  transmitted  thereto  direct,  without  danj^er  of  rupture  to  the 
masonry. 

When  it  is  required  to  ascertain  the  thickness  of  any  portion  of 
a  tank  wall  to  resist  the  force  of  the  water  pressing  ag-ainst  it,  the 
formula  as  under  is  applicable  : — 

|r p  =  thickness  in  inches. 

Where  P  =  the  pressure  of  the  water  in  lbs.  per  square  inch. 
D  =  the  radius  of  the  tank  in  inches. 
K  =  lhe  safe  cohesive  force  in  lbs,  per  square  inch. 

Example.  — A  brick  and  puddle  lank  set  in  Portland  cement 
mortar  is  122  ft.  in  internal  diameter  and  24  ft.  deep  to  the  surface 
of  tlie  rest  stones.  Required  the  thickness  of  wall  immediately 
above  footing's. 

The  pressure  of  the  water  on  each  square  inch  will  therefore 
be— 

62-5  y  24 


144 


10  lbs.  pressure  of  water  per  square  inch. 


The  safe  cohesive  strength  of  the  brickwork  in  Portland  cement 
mortar  [i  cement,  3  sand)  may  be  taken  at  220-r  2=  1 10. 

PD         _     .  ._     

74  in.,  nearly,  or  6  ft.  2  in. 


Then: 


K— P 


10  X  732 
10 


7120 
100 


the  required  thickness  of  the  wall.  It  will  be  seen,  however,  that 
in  this  calculation  no  account  has  been  taken  either  of  the  resist- 
ance offered  by  the  weight  of  the  masonry  or  of  the  support  g-iven 
by  the  earth  backing  ;  so  that  the  result  obtained  is  the  thickness 
of  the  wall  to  resist  the  pressure  of  the  water  without  any  backing. 
And  as  this  latter  may  be  taken  as  fully  equal  to  the  other,  the 
thickness  obtained  by  the  calculation  may  be  reduced  by  one-half 
— I.e.,  to  3  ft.  I  in. — which  will  be  the  required  thickness  of  the 
wall  above  the  footings.     The  required  thickness  at  any   other 


d 


«AS   ENtUNEERS   AK1>  MANAGERS. 


175 


W 


deptti  may  be  found  in  like  manner.     The  pressure  of  the  water, 
which  varies  in  proportion  to  the  depth,  may  be  represented  by  a 
right-angled  triangle  ABC.  and,  therefore,  the  thickness  at  the 
*  top  would  work  out  to  nothing.      It  must  not  be 

overlooked,  however,  thai  the  tank  sides  act  as  a 
retaining  wall  to  the  earth  both  during  construc- 
tion and  at  any  time  afterwards,  when  the  water 
is  withdrawn ;  and  consequently  the  thickness 
should  be  graduated  from  the  ascertained  Ihick- 
B  C      ness  at  the  base  to  about   2^  or  3  bricks  width 

at  the  coping. 

The  thickness  of  3^  ft.  at  the  base  of  the  wall  is  loo  thin  by 
more  than  one-half  for  an  ordinary  retaining  wall  of  that  height 
(24  ft.);  but  it  must  be  remembered  ihal  this  apparent  weakness  is 
counterbalanced  by  the  circular  form  of  the  sinicturc,  possessing 
as  it  does  all  the  qualities  of  the  arch,  and  being  built  up,  both  wall 
and  backing,  gradually  throughout  the  complete  circle  from  base 
to  coping. 

The  conditions  as  regards  backing,  of  cast,  wrought-irnn.  and 
steel  tanks  are  different.  These  being  generally  erected  above 
ffround,  the  resistance  offered  to  the  bursting  force  of  the  contained 
*'«^ter  is  entirely  due  to  the  cohesive  strength  of  the  metal. 

The  same  formula,  however,  is  applicable  here,  as  will  be  seen 
f^'*om  the  next  example  of  a  cast-iron  tank,  where  the  safe  cohesive 
strength  of  the  iron  is  taken  at  4000  lbs.  per  sectional  square  inch, 
ts  ultimate  tenacity  being  16,000. 

Cxamp/e.^A  cast-iron  tank  is  80  ft,  in  internal  diameter  and 
18  ft,  deep.  Required  the  thickness  of  the  lower  ring  of  plates. 
These  are  generally  3  to  4  ft.  in  depthi  but  the  water  pressure  on 
^He  lowest  foot  may  be  taken. 


Here 


62-5  X  18 
144 


^7*8  lbs.  pressure  of  water  per  square  inch. 


Then— 

PD       7*8x480       3744 

— ^--^ ^--p,~  -^-^-  =  0*017,  or  say  t  in., 

K— P     4ocxj-7*8     3992*2        -''^''  ^ 

the  required  thickness  ;  and  so  in  like  manner  the  required  thick- 
ness of  the  several  higher  rings  may  be  ascertained.  This  thickness 
may  be  slightly  reduced  by  making  allowance  for  the  assistance 
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gfiven  to  the  lower  ring  of  plates  by  their  attachment  to  the  pi 
forming"  the  boUom  of  the  tank,  and  especially  if  iron  hoops 
employed   round   the   outer  circumference  to  g"ive  rigidity   to     ^ 
Htructure.  i 

The  safe  cohesive  strength  of  wrought-iron  plates  may  be  tal^^ 
at  10,000  lbs.  per  sectional  square  inch.  | 

Wrought-iron  and  steel  tanks  do  not  require  to  be  strengther»i 
by  hoops. 


Examples  of  Constrttcfion. 

The  following  are  examples  of  gasholder  tanks  construct^ 
under  moderately  favourable  circumstances.  It  will  be  fou*1 
advisable  in  practice,  in  some  instances,  to  increase  the  strength  ^ 
the  walls  and  footings.  A  bed  of  concrete  should  be  laid  round  t^ 
circle,  and  the  brick  footings  built  upon  it.  This  is  especial  ^ 
necessary  where  the  ground  is  of  an  unsatisfactory  character.  J 


BRICK  TANKS. 

Diameter,  21  ft.  6  in.     Depth,  10  ft. 

Footings,  3  single  courses  ;    width  respectively  3,   2J,  and    ^ 

bricks.  j 

Wall,   ij  bricks  thick   for  half  the  height,  diminishing  by  aa 

offset  on  the  outside  to  i  brick  for  the  remainder.  I 

Coping  of  wall,  bricks  set  on  edge,  in  cement. 
Piers  to  support  gasholder  columns,  4  in  number,  brought  up* 

from  foundation,   and  built  in  with   the  wall,  each  capped 

with  a  stone  2  ft.  square,  8  in.  thick,  having  3  holes  drille<l! 

in  each  for  the  holding-down  holts.  1 

Rest  or  landing  stones,  8  in  number,  15  in.  square,  6  in.  thick, 

laid  on  footings  built  at  bottom,  bound  in  with  the  wall-^ 

footings. 
Puddled  with  clay,  mixed  with  one-third  fine  sand,  or  soil  free 

from  vegetable  fibre,  2  ft.  thick  at  bottom  ;  and  at  the  sides, 

tapering  from  2  ft.  at  the  base  to  1  ft.  at  the  top. 
Bottom,  flagged  with  3-in.  flags. 
Bricks,  best  hard-burnt  stocks. 
Mortar,  lias  lime  one-thtrd,  sharp  river  sand  two-thirds. 
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'iameter,  33  ft  6  in.     Depth,  12  !'t. 

Footings,  2  double  courses,  width  3  and  jj  bricks. 

Wall,    2   bricks   thick   for  8  ft.   high,   and    ij   bricks   l'i)r    the 

rcmainin§^  4  ft.,   set  off  on  outside. 
Copinij  of  wall,  bricks  on  edge,  laid  in  cement. 
Piers,  4,  bound  in  with  wall,  and  brought  up  from  foundalioHi 

each  capped  with  a  stone  2  ft.  square,  9  in,  thick,  with  3 

bolt-holes. 
Rest  stones,  8,  each  16  in.  square,  6  in.  thick,  let  into  face  of 

wall  2  in.;  laid  on  footings. 
Puddled   with  clay  puddle,  composed  of  two-thirds  clay   and 

one-third  fine  sand,  trodden  well  together,   2  ft.    thick  at 

bottom  and  sides,  tapering  to  1    ft.  eS  in.  at  top. 
Bottom,  flagged  with  yard  flags.  3  in.  thick. 
Bricks,  best  hard-burnt  stocks. 

Mortar,  best  lias  lime,  mixed  with  two-thirds  sharp  sand^ 
Diameter,  39  ft.     Depth,  14  ft. 

Footings,  2  double  courses.  3^  bricks  wide  at  base,  diminishing 

by  offsets  lo  bottom  of  wall. 
Wall,    2J   bricks  at   bottom   to  height   of  6   ft.;  next  4   ft.,   2 

bricks  ;  remaining  3  ft.  6  in.  lo  underneath  coping,  1^  bricks 

thick. 
Coping   stones,   6   in.    thick,   laid    in    cement,    and    cramped 

together  on  the   outside. 
Piers,  5,  brought  up  from  foundation,  each  capped  with  a  stone 

2  ft.  6  in.  square,  9  in.  thick,  with  4  bolt-holes. 
Rest  stones,  10,  let  3  in.  into  face  of  wall,  iS  in.  square,  6  in. 

thick  on  footings. 
Puddled  with  clay,  mixed  with  one-third  sand,  2  ft.   thick  at 

bottom  and  at  the  sides,  tapering  to  i  ft.  6  in.  at  top. 
Bottom,  brick  paved. 
Bricks,  best  hard-burnt  stocks 
Mortar,  lias  lime,  mixed  with  two-thirds  sharp  river  sand, 
^iametcr,  51  ft.  6  in.     Depth,  ]6  ft. 

Footings,  2  double  courses,  3J  and  3  bricks  wide. 

Wall,  thickness  at  base  to  height  of  7  ft.,  aj  bricks  ;  next  5  ft., 

2  bricks  ;  and  remaining  4  ft.,  i^  bricks. 
Coping,  bricks  on  edge,  set  in  cement. 
Piers,  5,  carried  up  from  foundation,  each  pier  capped  \\\\\\  a. 

13 


NE\vmttGIN(J'S   HANDBOOK    FOR 


stone  3  ft.  square,  9  in.  thick,  having  4  holes  for  holdir'^  "^H 
down  bolts.  ^ 

Rest  stones,  10,  18  in.  square*  6  in.  thick,  laid  on  footings,  a*    ^^ 

let  3  in.  into  face  of  wall. 
I'uddled  with  clay,  mixed  with  one-third  sand,  j   fi.   thick 

bottom  and  sides,  diminishiny"  to  1  ft.  6  in.  at  top. 
Uuttoni   Hanged  with  yard   flags  3   in.    thick,   bedded   on   tt^ 

puddle. 
Bricks,  best  hard-burnt  stocks. 

Mortar,  lias  limc»  mixed  with  two-thirds  sharp  river  sand. 
Diameter,  62  ft.     Depth,  14  ft. 

Footings,    4   courses  ;    width    respectively   4J,    4,   3J,   and    J^ 

bricks. 
Wall,  thickness  at  base  to  height  of  5  It.,  2^  bricks  ;  next  5  ft,  9 

2  bricks  ;  remaining  3  ft.  to  underneath  coping,  i  J  bricks. 
Coping  stones,  i   ft.  thick,  dressed  to  the  proper  radius,  ancS 

laid  in  cement. 
Piers,  6,  brought  up  from  foundation,  bound  in  with  tankwaJl, 
each  capped  with  a  stone  3  ft.  square,  10  in,  thick,  with  4. 
bolt-holes. 
Rest  stones,  12,  18  in.  square,  8  in.  thick^  laid  on  footings. 
Mound  or  cone  left  in  bottom  of  lank,  S  ft.  less  in  diameter 
than  the  latter,  flagged  round  the  base,  other  part  pitched 
with  random  stones. 
Puddled  with  clay  two-thtrds,  intimately  mixed  with  one-third 
sand  ;  2  ft.  thick  at  bottom  ;  the  sides,  2  ft.  at  base  to  i   ft. 
6  in.  at  top. 
tjricks,  best  hard-burnt  stocks. 
Mortar,  lias  lime,  mixed  with  two-thirds  sand. 
Diameter,  62  ft.     Depth,  20  ft. 

Footings,  5  courses  ;  first  course,  double,  5  bricks  in   width  ; 

others  single,  4J,  4,  and  3J  bricks  wide  respectively. 
Wall  thickness  at  base  to  height  of  9  ft.,  3  bricks  ;  next  6  ft., 

aj  bricks  ;  remaining  5  ft,  to  underneath  coping,  2  bricks. 
Coping  stones,  1  ft.   thick,  dressed  to  the  proper  radius,  and 

laid  in  cement. 
Piers,  8,  brought  up  from  foundation,  bound  in  with  tank  wall, 
each  capped  with  a  stone  3  ft.  square,  12  in.  thick,  with  4 
bolt-holes. 
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Rest  slonc^,  16,  2  ft.  6  in.  long*,  12  in.  wide,  10  in.  thick. 
Mound  or  cone  left  in  bottom  of  tank,  1 1   ft.  less  in  diameter 

than  the  latter,  covered  with  concrete  6  in.  thick. 
Puddled  with  clay  ;   18  in.  thick  at  bottom  ;  the  sides,  2  ft.  at 

base  to  i  ft.  6  in.  at  top. 
Bricks,  best  hard-burnt  seconds. 
Mortar,  i  Portland  cement  to  2  of  sharp  sand. 
Diameter,  83  ft.  6  in.     Depth,  20  ft. 

Footings,  4  courses  ;  first  course,  double,   5  bricks  in  width  ; 

others  single,  4^,  4.  and  3^  bricks  wide  respectively. 
Wall,   from  base  to  height  of  7  ft.,  3  bricks;  next  7  ft.,  2\ 

bricks  ;  and  remaining  6  ft.,  2  bricks  thick, 

I    Coping,  bricks  set  on  edge,  and  laid  in  cement. 
Piers,  9,  brought  up  from  foundation,  each  capped  with  a  stone 
4  ft,  square*  10  in.  thick,  with  4  holes  for  holding-down  bolts 
of  columns. 
Rest  stones,  18,  24  in.  square,  10  in.  thick,  laid  on  footings, 
and  let  3  in.  into  sides  of  tank. 
Puddled  with  clay,  z  ft.  thick  at  bottom  ;  the  sides,  3  ft.  at 
base,  tapering  to  i  ft.  6  in.  at  top. 
Centre  pillar,  to  support  crown  of  gasholder  when  down,  3  ft. 
6  in.  diam.,  built  of  brick,  coated  with  cement. 
Bottom,  flagged  with  Yorkshire  flags,  4  in.  thick. 
Bricks,  best  hard-burnl  stocks. 

Mortar,  lias  lime,  mixed  with  two-thirds  sharp  river  sand. 
^^tameter,  102  ft.     Depth,  24  ft. 

^1     Poolings,  6  bricks  wide  at  base,  diminishing  by  offsets  to  the 
^H  bottom  of  wall. 

^1    Wall,  thickness  at  base  to  7  ft.  in  height,  4  bricks  ;  next  7  ft., 
^H         3^  bricks;  next  5   ft.,  3  bricks;    and   remaining  4  ft.  to 
^^         coping,  2  J  bricks  thick. 
Coping  of  stone,  i  ft.  thick. 

Piers,  12,  carried  up  and  built  \w  with  wall  from  foundation. 
^—^  Each  capped  with  a  stone  4  li.  square,  15  in.  thick,  with  4 
^H         bolt-holes. 

^B    Rest  stones,  24,   2  ft,  6  in.  square,  12  in.  thick,  let  4  in.  into 
^M  bottom  of  wall,  and  resting  on  footings. 

Stones,  7a  in  number,  18  in.  long,  12  in.  by  12  in.,  built  into 
tank  wall,  against  which  the  channel  guides  are  fastened. 
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Puddled  with  clay,  2  ft.  thick  at  bottom  ;  the  sides.  2  ft.  6  in. 

at  base,  tapering  to  i  ft.  6  in.  at  top. 
Bottom,  concreted  over  the  puddle  to  the  depth  of  10  in. 
Centre  pillar,  4  ft.  square. 
Bricks,  best  hard-burnt  stocks. 

Mortar,  lias  lime,  mixed  with  two-thirds  sharp  river  sand. 
Diameter,  102  ft.  6  in.      Depth,  30  ft. 

Footings,  I  double  and  4  single  courses,  respectively  6,  5  J,  5, 

4^,  and  4  bricks  wide. 
Wall,  3  bricks  wide  for  10  ft,   high;  next   10  ft.,  2^  bricks; 

and  remaining  9  ft.  to  coping,  2  bricks. 
Coping  of  stone,  12  in.    thick,  not  less  than  4  ft.   long  each 

stone. 
Strengthening  rings,  of  brickwork,  laid  in  cement,  5 — 

ist  ring,    2  ft.  6  in.  from  bottom,  7  bricks  deep. 
and    ,,      8  ,,  6  ,,  ,,  6  ,, 

3rd     ,,     14  ,,  o  ,,  ,.  6  ,, 

4th     ,,     19  „  6  ,,  ,»  5  ,, 

5th     ,,     24  ,,  o  ,,  ,,  4  ,, 

Piers,  12,  brought  up  from  foundation  along  with  and  bound 

into  the  wall,  each  capped  with  a  stone  4  ft.  6  in.  square, 

15  in.  thick,  with  4  bolt-holes. 
Rest  stones,  24,  27  in,  square,  13   in.   thick,  on  footings,  and 

let  4  in,  into  tank  wall. 
Puddled  with  clay  2  ft.  thick  throughout. 
Centre  pillar,  of  brick,  4  ft.  square,  cemented  over. 
Bottom  concreted  to  the  depth  of  12  in.  over  the  puddle. 
Bricks,  best  hard-burnt  stocks. 

Mortar,  lias  lime,  mixed  with  two-thirds  sharp  river  sand. 
Diameter,  122  ft.     Depth,  24  ft. 

Concrete  under  footings  of  wall  and  rest  stones,  12  in.  thick 

and  10  ft.  wide.  • 
Footings,  8  bricks  wide  at   base,  diminishing  by  S  oQTsets  to 

the  bottom  of  the  wall. 
Wall,  thickness  at  base  to  8  ft.  9  in.  in   height,  4   bricks  ;  next 

7  ft-»  3i  bricks  ;  next  4  ft.  6  in,,  3  bricks  ;  and  remaining 

3  ft.  to  coping,  2^  bricks  thick.     Batter  of  wall  1  in  100. 
Coping  of  stone,  9  in.  thick  by  24  in.  wide,  and  not  less  than 

3  ft.  4  in.  long. 
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F*iers,  14,  each  7  bricks  square  carried  up  and  built  in  with 

wall  from  foundation,  and  capped  with  a  stone  5  ft.  4  in. 

square,    18  in.    thick,   and    with    4   holding-down   bolts   to 

each. 
Rest  stones,  38,  3  ft.  6  in.  by  2  ft.  by  12  in.  thick,  let  into  wat! 

4}  in.,  and  resting  on  footings. 
Guide  rail  stones,   56  in  number,   built   into  tank  wall,  28  of 

which  are  2  ft.  by  i  ft.  6  in.  by  i  ft.  6  in.,  the  remaining  28 

being  2  ft.  6  in.  by  i  ft.  6  in.  by  i  ft. 
Brick  ring  or  apron  extending  6  ft.  from  inside  of  tank  wall  at 

the  bottom  to  form  a  floor,  3  courses  of  bricks  thick  laid 

flat. 
Centre  pillar  of  brickwork,  4  ft.  diam.,  cemented  over. 
Mortar,  Portland  cement,  i  part  ;  sand,  3  parts. 
Bricks,  picked  common. 
Puddle  behind  wall  of  tank  24  in.  thick  at   bottom,  tapering  to 

»i8  in.  at  top.     On  cone  in  tank  bottom  18  in.  thick. 
Concrete  over  surface  of  puddled  cone,  6  in.  thick. 
diameter,  145  ft.      Depth,  55  ft. 

Top  of  lank,  4  ft.  above  ground-level. 

Footings,  4  double  courses,  respectively  5  ft.,  4  ft.  8  in.,  4   ft. 

4i  in.,  and  4  ft.  wide. 
Wall,  to  height  of  10  ft.  above  footings,  3  ft.  7  in.,  or  4J  bricks 
thick;  next   10  ft.,  4  bricks;  next   10  ft.,  3 J   bricks;  next 
*5  f^M  3   bricks;  next  5  ft.,    24   bricks;    remaining  4   ft., 
exclusive  of  coping,   2  bricks  thick. 
Strengthening  rings,   or  courses,  6  courses  in  every  5  ft.  of 
height  ;  also  the  3  finishing  courses,  and  the  corresponding 
courses  in  piers,  set  in  cement.     The  brickwork  at  no  part 
carried  higher  than  5  courses  of  bricks,  until  the  circle  up 
to  that  level  is  completed,  puddled,  and  backed  up. 
Coping  of  stone,  12  in.  thick,  bedded  in  cement. 
Piers,    r6,  4   ft,   3  in.   wide,  each   capped   with   a   stone   5   ft. 
square,   18   in.   thick,   for  supporting  columns;  4  holes  in 
each  for  holding-down  bolts  ;  the  said  holding-down  bolts, 
with  cast-iron  plate,  built  into  each  pier,  10  ft.  below  level 
of  coping. 
Rest  stones,  32,  let  4^  in.  into  face  of  wall,  and  resting  on 
piers  of  brickwork  forming  part  of  the  general  fnot'mgs. 
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Blocks  of  stone,  i8  in.  by   12   in.   by  12  in.,  inserted  in  wal 

opposite  each  pier,  for  securing^  guides. 
Cone  in  centre  of  tank,  6  ft,  less  in  diameter  at  the  base  thai*' 
the  interior  o(  tank  ;  lower  part,  to  heij^ht  of  20  ft.,  paved^ 
with  4  courses  of  brickwork  ;  upper  part,  of  clay  only. 
Puddle,  not  less  than   iH  in.  in  thickness,  and  kept  constantly 
well   moistened,  the  earth  beiny;  firmly  pounded  in  behind. 
Bricks,  best  hard-burnt  stocks. 

Mortar,  composed  of  1  part  fresh  burnt  Mas  lime  to  3  parts  of 
clean,  sharp  river  sand  ;  not  more  than  suflicient  for  one 
day's  work  made  at  one  time. 
Cement,  fres!i  burnl,  with  equal  proportions  of  sand,  mixed  as 

it  is  being  used. 
Dry,  or  stand-pipe  well,  15   ft.  diameter,  63  ft.   deep,  paved 
with  3  courses  of  brickwork  on  edge,  set  in  cement. 
Diameter,  154  ft.     Depth,  40  ft.  6  in. 

Foundation  of  concrete,  i  2  in.  thick,    13  ft.   wide  under  piers, 

and  II  ft.  wide  under  walling^. 
Wall,    starts    from    concrete    foundation    without    footings,    5 
bricks  thick  for  a  height  of  16  ft.  10  in.  ;  next  4J  bricks  for 
6  ft.  5  in.  deep  ;  next  4  bricks  for  6  ft.  5  in.  ;  next  3^  bricks 
for  6  ft.  5  in.,  and  3  bricks  the  remaining  height. 
Coping  of  stone,  12  in,  by  2  ft.  3  in.,  in  lengths  not  less  than 

4  ft.  6  in. 
Piers,  16  in  number,  6  ft.  square  from  bottom  to  top,  capped 
with  hard  Yorkshire  stones,  6  ft.  square  and   2   ft.  thick, 
with  4  bolt-holes  in  each. 
Rest  stones,  32,  4  ft.  10  in.  by  2   ft.   by   i    ft.,  built  4^  in.  in 

tank  wall. 
Guide  rail  stones,   144  in  number,    112  of  which  are  2  ft.  by 
I  ft.  g  in.  by  i  ft.,  and  the  remaining  32  being  2  ft.  by  i  ft. 
9  in.  by  I  ft.  6  in. 
Puddled  with  clay  24  in.  thick  over  surface  of  mound  in  bottom, 

and  behind  tank  wall. 
Brick  apron,  2  ft.  thick  and  6  ft.  wide,  round  bottom  of  tank 

wall  inside,  upon  which  the  rest  stones  are  set. 
Centre  pillar  of  brick,  6  ft.  square  at  bottom  and  6  ft.  3  in. 

square  at  lop,  capped  by  a  stone  12  in.  thick. 
Mortar,  Portland  cement,  i  part ;  sand,  3  parts. 
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Bond,   English  ;    alternate  courses  of  headers  and  stretchers 

throughout. 
Dry  well,  lo  ft.  in  diameter,  48  ft.  6  in.  deep. 
Diameter,  182  ft.     Depth,  40  ft. 

Footings,  3  ft.  deep  below  tank  bottom,  in   3  equal  set-ofFs  ; 

placed  on  elm  sleepers,  9  in.  by  4  in. 
Wall,  thickness  at  base  to   15  ft.  in  helg-ht,  4 J  bricks;   next 

15  ft.,  4  bricks  ;   next  5  ft.,  3  bricks  ;  and  remaininfj  4  ft., 

2^  bricks  thick. 
Coping,  Bramlcy  Kail  stone,  12  in.  thick  and  24  in.  wide. 
Piers,   28,  6  ft.   thick   from    inside   tank   to  outside  pier,   and 

8  ft.  9  in.  wide  side  to  side,  capped  with  i,''ranite  blocks. 

5  fl.  3   in.  square  and   2   ft.    thick,    with   4   bolt-holes   in 

each. 
K.est  stones,  28.  built  in  wall  12  in.,  are  each  4  ft.  by  2  ft.  6  in. 

by  12  in.  thick. 
Guide  rail  stones,  112  in  number,  i8  in.  by  12  in.  by  12  in. 
Puddled  with  clay  on  cone  in  bottom  of  tank,  under  footings, 

and  behind  tank  wall  a  uniform  thickness  of  24  in. 
Cone  at  bottom  covered  over  the  clay  with  9  in.  of  concrete, 

and  paved  with  a  layer  of  bricks  on  edge,  set  in  cement. 
Centre  pillar  of  brickwork,   7   ft.  6  ;n.  square,  capped   with 

granite  block,  2  ft.  thick,  the   whole  on  a  foundation   of 

concrete. 
Bricks,  best  hard-burnt  stocks. 
Mortar,  blue  lias  lime  and  sharp  sand. 
Brick  ring  or  apron,  3  ft.  thick,  extending  6  ft.   6  in.   from 

inside  of  tank  wall  at  the  bottom,  to  form  a  floor, 
diameter,  200  ft.     Depth,  3O  ft. 

Footings,  laid  on  elm  boards  1^  in.  thick,  placed  on  the  puddle, 

are  9  bricks  wide  at  base,  diminishing  by  2^  in.  off-sets  to 

bottom  of  wall. 
Wall,  thickness  at  base  to  12  ft.  in  height,  5  bricks  ;  next  6  ft., 

4 J  bricks  ;  next  5  ft.,  4  bricks  ;  next  5  ft.,  3^  bricks  ;  next 

5  ft.,  3  bricks  ;  and  the  remaining  portion,  2^  bricks  ;  being 

fmished  at  top,  to  form  a  coping,  with  Staffordshire  blue 

bricks  set  on  edge  in  cement. 
Piers,  22  in  number,  5  ft.  6  in.  from  inside  tank  to  outside  the 

pier,    and    7    ft.    wide    from   side  to   side,   surmownlcd   Vv*^ 
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Bramley  Fall  column  stones,  6  ft.  by  $  ft.  6  in.   by   i   ft. 

4  in.  thick,  with  4  holes  in  each. 
Piers,    intermediate,    22   \n    number,   5    brick    Icng^ths   square, 

broug-ht   up   from   bottom,  and   capped   with    stones,    2   ft. 

square  and    i   ft.  6  in.  thick. 
Rest  stones,  44*  4  ft.  6  in.  by  3  ft.  by  i  ft.  3  in.  thick,  set  into 

wall  4^  in.  and  bedded  on  concrete. 
Guide  rail  stones,  44,  2  ft.  square  by  i  ft.  6  in. 
Huddled  with  clay,  over  cone  in  centre,  and  under  footings  2  ft. 

6  in.  thick,  behind  tank  wall  2  ft.  thick  at  bottom,  tapering: 

to  I  ft.  f-i  in,  at  top. 
Concrete  apron,  2  ft.  thick,  extending  9  ft.  from  lank  wall  all 

round. 
Cone,  covered  with  6  in.  of  concrete  over  the  clay  puddle. 
Bricks,  well-burnt  Oldbury  brown  bricks. 
Mortar^  blue  lias  lime,  i  part  ;  sand,  2}  parts. 
Hond,    English,   alternate  courses  of  headers   and  stretchers 

throughout. 
Hoop -iron    bond,    every    sixth   course    in    height,    t\    in.    by 

^^^  in.  is  inserted  as  follows:    In  the  5  bricks  thick  part,  5 

rows  are  laid  in  the  thickness  of  the  wall  at  equal  distances 

apart  ;  in  the  4^  and  4  bricks  thick  part,  4  rows  ;  3J  and  3 

bricks  part,  3  rows  ;  and  2  rows  for  the  remaining  height. 
Shallow  dry  well.  12  ft.  diameter,  20  ft.  deep. 
iJiameter,  203  ft.  6  in.      Depth,  38  ft. 

Footings*  bottom  course,  7  bricks  wide,  4  bricks  deep,  and  4 

single  courses,  respectively  6,  5J,  5,  and  4A  bricks  wide. 
Wall,  thickness  for  a  height  of  20  ft.,  4  bricks  ;  next  9  ft.,  3J 

bricks  ;  next  8  ft.,  3  bricks. 
Coping  stone,  24  in.  wide,  12  in.  thick. 
Strengthening  rings  of  brickwork   laid  in  cement,   5,  divided 

equally  throughout  the  depth  of  tank   wall,  10  bricks  each 

in  depth. 
Piers,  18,  on  foundations  brought  up  from  bottom  of  tank  foot- 
ings and  bound  in  with  wall,  each  capped  with  a  stone  6  ft. 

square,  iH  in.  thick,  4  holes  for  bolts,  the  latter  with  plate 

built  into  pier,  10  ft.  below  the  top  of  coping. 
Rest  stones,  36,  4  ft.  square,  12  in.  thick,  on   footings  brought 

up  from  bottom  of  wall  footings. 
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Puddled  with  clay,  mixed  with  one-third  sharp  sand,  and  not 

less  than  2  ft.  thick  in  any  part. 
Bottotn  concreted  over  the  puddle  to  the  depth  of  12  In. 
Bricks,  best  hard-burnt  stocks. 

Mortar,  i  part  lias  lime  to  2  parts  sharp  river  sand. 
r>i  ^meter,  218  ft.     Depth,  44  ft.  6  in. 

Foundation  of  concrete  2  ft.  thick,  9  ft.  5  in.  wide,  including 

apron. 
Wall,   thickness  at   base  to  20   ft.   in  hcig^hl,   5  bricks  ;  next 

5  ft.,  4J  bricks  ;  next  5  ft.,  4  bricks  ;  next  5  ft.,  3J  bricks  ; 
next  5  ft.,  3  bricks  ;  and  the  remaining  jjorlion,  2J  bricks  ; 
7  circular  bands  of  brickwork,  fi  courses  deep  each,  and 
extending"  throujfh  the  full  thickness  of  the  wall,  are  built 
in  equidistantly  in  the  height  of  the  wall  set  in  Portland 
cement  mortar,  the  intervening"  portions  of  the  wall  being 
set  in  hydraulic  lime  mortar  all  in  English  bond. 

Coping  of  Yorkshire  stune,  2  ft.  5  in.  by  6  in.,  in  5  ft.  lengths, 

projecting  1  in.  over  wall. 
Piers,  24,  each  7  ft.  from  inside  tank  wall  to  outside  of  pier, 

and  5  ft.  6  in.  wide,  side  to  side,  capped  with  Bramley  Fall 

stones,  7  ft.  by  5  ft.  6  in.  by  2  ft.,  having  7  bolt-holes  in  each. 
Piers,  intermediate,  24,  each  3   ft.  10  in.  square,  capped  with 

stones  4  ft.  by  4  ft.  by  6  in. 
Rest  blocks  of  concrete,  48,  each  4  ft.  6  in.  long  by  2  ft.  wide, 

and  standing  6  in.  above  the  concrete  apron. 
Guide  rail  stones,  288,  each  18  in.  by  12  in.  by  12  in.,  projecting 

t  in.  from  face  of  tank  wall. 
Puddled  with  clay,  not  less  than  j8  in.  at  any  part. 
Truncated  surface  of  cone  paved  with  stones. 
Mortar,  blue  lias  hydraulic  lime,  J  part  ;  sand,  3  parts. 
Cement  mortar,  I'ortlund  cement,  1  part  ;  sand,  3  parts. 
Concrete,  Portland  cement,  i  part  ;  river  ballast,  7  parts. 
Shallow  dry  well,  12  ft.  diameter,  26  fi.  deep. 

COMPOSITE   TANK. 

diameter,  152  ft.      Depth.  31  ft. 

Footings,  8  ft.  6J  in.   wide  at  bottom,  including  apron,  2  ft. 

6  in.  thick. 
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Wall,  brick  faced,  9  in.  thick,  in  English  bond  ;  backing  of  con- 
crete ;  thickness  at  base,  including  the  backing,  to  13  ft. 
9  in.  high,  3  ft.  4)^  in.  ;  next  8  ft.  6  in.,  3  ft.  thick  ;  and  the 
next  8  ft.  6  in.,  2  ft.  8  in.,  to  the  underside  of  coping. 

Coping  of  stone»  i  ft.  10  in.  by  12  in.,  in  3  ft.  lengths. 

Piers.  16,  are  8  ft.  from  inside  tank  wall  to  outside  pier,  and 
4  ft.  6  in.  wide,  from  side  to  side,  formed  of  9  in.  brickwork 
on  three  sides,  and  filled  in  with  concrete,  the  whole  being 
capped  with  a  stone  8  ft.  by  4  ft.  by  i  ft. 

Rest  stones,  2  to  each  pier,  or  a  total  of  32,  each  4  ft.  by  i  ft. 
6  in.  by  9  in. 

Guide  rail  stones,  48,  each  2  ft*  by  i  ft.  by  g  in. 

Fuddled  with  clay,  2  ft.  thick  throughout. 

Cone,  concreted  over  the  clay  puddle  to  a  depth  of  12  in.  and 
rendered. 

Centre  pillar,  solid  brickwork,  6  ft.  6  in.  in  diameter  at  top,  the 
sides  having  a  baiter  of  i  in  40  ;  built  on  a  foundation  of 
concrete  10  ft  square  and  8  ft,  deep.  Stone  cap,  6  ft. 
diameter  by  i  ft.  thick,  on  which  is  placed  a  double  layer 
of  4  in.  oak  planking. 

Hoop-iron  bond,  tarred  and  sanded,  ij  in.  wide,  ^*.j  in.  thick, 
is  placed  every  4J  ft.  in  height,  in  the  proportion  of  i  strip 
to  every  4J  in.  in  thickness  of  the  wall. 

Mortar,  Portland  cement,  i  part  ;  sand,  3  parts. 

Concrete,  l*ortland  cement,  i  part  ;  sand,  3  parts  ;  coarse 
screened  stones,  ij  in.  diameter,  4  parts. 

Dry  well,  11  ft.  diameter,  40  feet  deep  to  floor. 


CONCRETE  TANKS. 


Diameter,  82  ft.     Depth,  28  ft. 

Wall,  3  ft.  8  in,  thick  at  bottom,  tapering  on  the  outside  to 
2  ft.  4  in.  at  the  top,  bLiIlt  entirely  of  concrete,  and  rendered 
on  inside  with  neat  Portland  cement  J  in.  thick. 

Piers,  ro,  each  4  ft.  by  3  ft.  8  in.  of  concrete. 

Rest  blocks  of  concrete  2^  ft.  long,  18  in.  wide,  6  in.  thick. 

Backing  composed  of  sand. 

Cone,  concreted  over  surface,  \S  in.  thick,  and  rendered  with 
neat  cement  |  in.  thick. 
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Oentre  pillar,  4  ft.  square,  8  ft.  high. 

Ooncrete,  Portland  cement,  1  part ;  sand,  gravel,  old  retorts, 

and  clinkers,  5  parts. 
iajneter,  184  ft.     Depth,  47  ft. 

Wall,  5  ft.  thick  at  bottom,  tapering  on  the  outside  to  2  ft. 

3  in.  at  the  top,  built  entirely  of  concrete,  and  rendered  on 

inside  with  neat  Portland  cement  |  in.  thick. 
Piers,  20,  each  8  ft.  thick,  of  concrete  entirely. 
Rest  blocks  of  concrete,  6  ft.  long. 
Puddle,  none. 
Cone,  concreted  over  surface,  12  in.  thick,  and  rendered  with 

neat  cement  |  in.  thick. 
Oentre  pillar,  hollow,  external  diameter,  14  ft.  ;  internal  ditto, 

10  ft. 
Concrete,    Portland   cement,    i    part ;    gravel,    sand,    ballast, 

burnt  clay,  old  retorts,  and  clinkers,  7  parts. 
Dry  well,   10  ft.  diameter,  53  ft.  deep,  built  of  concrete  2  ft. 

thick,  and  rendered  outside  with  neat  cement. 

STONE  TANK. 

>iameter,  89  ft.     Depth,  20  ft. 

Footings,  2  courses.  First  course  composed  of  stones  at  least 
3  ft.  6  in.  square  and  9  in.  thick ;  second  course,  3  ft. 
square,  9  in.  thick,  breaking  joint  at  least  i  ft.  on  the 
vertical  joint. 

Wall,  to  underneath  coping,  built  of  stones  not  less  than  16  in. 
on  the  inner  face,  dressed  to  the  proper  radius  ;  no  stone 
having  less  than  10  in.  of  a  square  joint,  nor  less  than  18  in. 
on  the  bed,  and  5  in.  thick.  Walling  carried  out  in  hori- 
zontal courses  throughout  the  circumference  of  the  tank, 
and  backed  up  with  good  strong  random.  Two  throughs 
to  every  superficial  yard.  Thickness  of  wall  at  base, 
random  included,  2  ft.  Sin.,  gradually  diminishing  to  i  ft. 
8  in.  at  top. 

Coping  of  stones,  i  ft.  11  in.  broad,  8  in.  thick,  and  not  less 
than  3  ft.  6  in.  long,  dressed  to  the  proper  radius,  and  laid 
in  cement. 

Piers,  9,  bound  in  and  built  up  along  with  the  tank  wall  \  ^ 
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through  of  entire  size  every  vertical  yard,  and  capped  with 
a  solid  cover  3  ft*  6  in.  square,  15  in.  thick,  having"  4  holes 

for  foundation  bolts  of  columns. 
Rest  or  bearing  stones,  18,  throughs  2  ft.  wide  and   i  ft.  thick 

built  in  along  with  wall  footings,  and  projecting  j  ft.  gin. 

into  the  tank. 
Mound  or  cone  in  bottom  of  tank,  covered  with  puddle  to  the 

depth  of  24  in.,  its  base  flagged  wilh  a  course  of  yard  flags 

4  in.  ihick,  the  remainder  pitcherl  wilh  dry  rubble. 
Pillar  in  centre  of  tank,  capped  wilh  a  solid  stone  4  ft.  square, 

15  in.  thick. 
Mortar,  lias  lime,  one-third  ;  sharp  clean  sand,  two-thirds. 


CAST-IRON   TANKS. 

Diameter,  33  fr.     Depth,  i,^  ft. 

Plates,  not  more  than  4  ft.  in  length  or  width.  All,  except  top 
course  or  tier,  strengthened  with  diagonal  ribs.  Lowest 
tier,  J  in.  thick  ;  top  tier,  J  in.  thick  ;  intermediate  and 
bottom  plates,  J  in.  thick.  Small  brackets  or  snugs,  pro- 
jecting 4  in.,  cast  i^  in.  below  centre  of  side  plates,  to 
support  the  strengthening  hoops. 

Flanges,  3  in.  wide,  wilh  brackets  between  the  bolt-holes. 

Bolt-holes,  square,  J  J^-  '"-rd  h  in.,  and  6  in.  apart,  centres. 

Bolts  of  bottom  plates  and  two  lower  tiers  of  sides,  J  in.  ;  all 
the  others,  J  in.  square  under  head. 

Hoops  of  flat  wrought-iron,  3  in.  by  ^  in.,  bound  round  each 
titrr  of  side  plates  with  jaws  and  screws. 

Joints  planed. 
Diameter,  61  ft.     Depth,  17  ft. 

Plates,  bottom,  i  in.  thick,  except  outside  row,  i^  in.  thick. 
Sides,  first  tier,  ij  In.  ;  second,  i  in.  ;  third,  J  in.  ;  and 
fourth,  J  in,  thick.  Depth,  4  ft.  3  in.  ;  width,  4  ft.  9  In. 
Say,  40  plates  in  each  tier.  Snugs,  projecting  4  in.,  cast 
on  each  plate,  2  in.  below  centre,  to  support  the  binding 
hoops. 

Flanges,  3  in.  wide,  not  less  than  J  in.  thick  ;  brackets,  ^  in. 
thick  between  the  boll-holes. 

Bolt-holes,  square,  J  in.  ;  7  in.  apart,  centre  to  centre. 
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Colts,  }  in.,  square  under  head. 

Hoops   of  flat-iron,  3^  in.   by  j    in.,  with  suitable  jaws    and 
^m  tightening;  screws  bound  round  each  tier  of  side  plates. 

^      Joints,  planed. 
Diameter,  82  ft.     Depth,  20  ft. 

tl'Iates,  bottom,  ij  in.,  except  centre  plate,  1^  in.     Sides,  first 
tier,    li  in,  ;  second  tier,    ij   in.  ;  third  tier,    1   in.  ;    fourth 
tier,  J  in.     60  plates  to  each  tier.     Bearing  brackets  cast  on 
each  plate  to  support  stren^theninj^  hoops. 
Flanges,  4^   in.   wide,    1  [   in.   thick  ;   brackets,   j   in.   between 
bolt-holes. 
Boll-holes,  square,  i^  in.,  5J  in.  centre  to  centre. 
Bolts,  I  in.,  square  under  head. 

Huops,  wrought-iron,  5  in.  by  J  in.,  J  in.,  and  h  in. 
Joints,  planed  and  caulked  with  iron  cement, 
f^i^^meter,  loi  ft.     Depth,  32  ft.  8  in. 

Pi.ites,  bottom,  outside  row,  i\  in.,  and  remainder  i  in.,  except 
centre  plate,  ij  in.  Sides,  first  and  second  tiers,  i|  in.  ; 
third  tier,  i|  in.  ;  fourth  and  fifth  tiers,  i  in.  thick.  Width, 
4  ft.  2}  in.  (say  75  plates  in  eacli  tier)  ;  depth,  4  ft.  6i  in. 
Bearing  bracket,  projecting  5  in,,  cast  on  each  plate,  2J  in, 
below  centre,  to  support  the  strengthening  hoops. 
Flanges,  j]   in,   wide,   equal  to  plates  in  strength  ;   brackets, 

I  in.  between  the  bolt-holes. 
Bolt-holes,  square,  1  in.,  7  in.  centre  to  centre. 
Bolls,  1  in.,  square  under  head. 
Hoops,  flat-iron,  5  in.  by  ij  in.,  with  jaws  and  screws,  bound 

round  each  tier  of  side  plates. 
Joints,  planed. 


WROUGHT-IRON  TANK. 

Diameter,  51  ft.  4  in.     DL-pih,  14  ft. 

Plates,  I  in.  thick,  bolli  sides  and  bottoin,  with  the  exception 
of  the  outer  row  in  the  latter,  and  Ihose  to  which  the  guide 
rails  are  fixed  up  the  sides,  which  are  ^  in.  thick. 

Curbs,  of  angle-iron,  extending  round  the  entire  circum- 
ference of  the  tank  outside  ;  top  curb,  4  in.  by  4  in.  by 
^  in.  ;  two  intermediate  curbs  or  rings  the  same  size,  and 


bottom  curb  4^  in.  by  4 J  in.  by  ^  in.,  ail  butt-jointed,  ar 
with  lapping  pieces  not  less  than  18  in.  long",  riveted  to  tl 
side  plates  of  the  tank  with  §  in.  rivets  6  in.  apart. 

Vertical  stays,  12  in  mimbcr,  serving  as  guides  for  the  holdet — ^ 
14  fl.  long,  formed  of  two  3  in.  by  2^  in.  by  J  in.  anglers! 
irons  placed  thus:  J  |.  and  riveted  to  the  J  in.  plates  up  th^^ 
sides  before  mentioned  with  rivets  6  in.  apart,  ' 

Lap  of  plates,  not  less  than  ij  in.,  riveted  hot  with  g  in.  rivets  ) 
I J  in.  centres. 

Masonry  standards  or  iron  brackets  to  support  columns. 


STEEL  TANKS. 

Diameter,  62  ft.     Depth,  18  ft.  3  in. 

Plates,  mild  steel,  bottom  or  lloor  plates,  /g  in.  thick, 
four  rings  ;  bottom  ring,  ,v  in.;  second  ring,  |  in.; 


Sides, 
and  two 


top  rows,  ,*jy  in.,  except  standnrd  pluteSf  which  are  J  in. 
Curbs,  bottom  curb  securing  sides  and  bottom,  of  angle-steel, 

4  in.  by  4  in.  by  ^  in.     Top  curb,  3^  In.  by  3i  in.  by  ^^  in. 

angle-steel. 
Guides,  16  in  number,  6  in.  by  3  in.  by  3  in.  by  J  in.  channel* 

steel. 
Lap  of  plates,  ih  in.,  |  in.  rivets,  2  in.  centres. 
Diameter,  102  ft.      Depth,  20  ft.  3  in. 

Plates,  mild  steel,  bottom   or  floor  plates. 


Outer   row,  ^^  in. 

thick  ;  inner  rows,   J  in.  thick.     Sides,  five  rings  ;  bottom 

ring,  h  in.  thick  ;  next  two  rings,  -j'^^  in.  ;  top  rings,  §  in. 

thick. 
Curbs,  bottom  curb  securing  sides  and  bottom,  of  angle-steel, 

4  in.  by  4  in.  by  g  in.     Top  curb,  3^  in.  by  3^  in.  by  J  >n. 

angle-steel.     Top  of  tank  finished  with  a  A  in.  steel  plate 

riveted  to  standards  and  top  curb,  and  curved  to  radius  of 

tank. 
Guide  bars,  24   in   number,   *3  in.   by  3   in.   by  3  in.  by  ^  in. 

channel-stccl. 
Lap  of  plates,  2]  in.,  j  in.  rivets,  2  in.  pitch.     Vertical  joints  to 

overlap  4^  in.,  and  to  be  double  riveted. 
Diameter,  112  ft.     Depth,  24  ft.  9  in. 

Plates,  mild  steel,  bottom  or  floor  plates.     Outer  row,  |  in. 
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thick  ;  inner  rows,  |  in.  thick.  Sides,  six  rings  ;  bottom 
ring,  I  '"•  thick  ;  second  row,  ^  in.  thick  ;  third  row,  j'^  in. 
thick  ;  and  the  three  tof)  rows  each  ^  in.  ttiick. 

Uurbs,  bottom  curb  securing  sides  and  bottom,  of  angle-steel, 
5  in-  hy  5  in.  by  I  in.  Top  curb»  4A  in.  by  4.^  in.  by  J  in. 
angle-steel.  Three  intermediate  curbs  or  belts  of  angle- 
stecl,  the  top  belt  5  in.  by  3  in.  by  g  in.,  the  two  lower  ones 
5  in.  by  3  in.  by  J  in.  Top  of  tank  finished  with  a  platform 
formed  with  the  top  curb,  an  outer  curb  of  3 J  In.  by  3  in,  by 
i  in.  angle-steel,  and  a  |  in.  che<]uered  plate,  the  whole 
secured  to  standards  and  to  intermediate  brackets  bolted  to 
the  side  of  tank. 

Tank  guides,  28  in  number,  of  6  in.  by  3  in.  by  J  in.  channel- 
steel. 

All  plates  lap-jointed  2\  in.  riveted  with  J  in.  rivets,  except 
vertical  joints  of  side  plates,  four  top  rows  of  which  lap 
4^   in.,  double   riveted   with   j  in.   rivets,  and   two  bottom 


rows  lap  4I   in.,  double  riveted  with   j^  in.  rivets. 
"ameter,  140  ft.     Depth,  26  ft.  9  in. 

t*lates,  mild  steel,  bottom  or  floor  plates.  Outer  row,  |  in. 
thick  ;  inner  rows,  J  in.  thick.  Sides,  six  rings  ;  bottom 
ring,  j  in.  thick  ;  second  ring,  J  in.  thick  ;  third  ring,  h  in. 
thick  ;  fourth  ring,  {^  in.  thick  ;  Lwo  top  rings,  |  in.  thick 
each. 
Curbs,  bottom  curb  securing  sides  and  bottom,  of  angle-steel 
5  in.  by  5  in.  by  f  in.  Top  curb,  5  in.  by  5  in.  by  §  in.  angle- 
steel.  Three  intermediate  curbs  or  belts  of  angle-steel,  the 
lop  bell  5  in.  by  3  in.  by  |  in.,  the  two  lower  ones  5  in.  by 
3  in.  by  J  in.  Top  of  tank  finished  with  a  platform  formed 
with  the  top  curb,  an  outer  row  of  3A  in.  by  3  in.  by  3  in. 
angle-steel,  and  a  ^  in.  chequered  plate,  the  whole  secured 
to  standards  and  to  intermediate  brackets  bolted  to  the  side 
of  tank. 
Tank  guides,  32  in  number.  Main  guides,  6J  in.  by  J  in. 
channel-steel ;  intermediate  guides,  6  in.  by  3  in.  by  J  in. 
channel-steel.  All  plates  lap-jointed  2\  in.  riveted  with 
3  in.  rivets,  except  vertical  joints  of  side  plates,  three  top 
rows  of  which  lap  4jJ  in.,  and  double  riveted  with  J  in. 
rivets,  next  two  rows  lap  4§  in.,  and  double  riveted  with 


2  in.  rivets.     The  vertical  joints  of  bottom  row  of  plat 
covered  with  ;i  cover  plate  9  in.  by  J  in.  double  riveted  o 
both  sides  of  joint  with  I  in.  rivets. 


ANNULAR  OR   RING  TANKS. 
Casi-/rvn, 

Diameter,  75  ft.     Depth,  ig  ft. 

Plates^  bottom  or   ring  plates,  3   (l.  6  in.  wide,    r 

Inner  circles,  r  tier  of  plates  only,  4  ft.  deep,  i  in.  thick  r 
strengthened  with  2  horizontal  ribs  2  in.  deep  by  J  in. 
thick  on  side  next  centre  of  tank,  and  on  other  side  with 
2  vertical  brackets,  9  in.  at  bottom,  diminishing  to  nothing 
at  top,  I  in.  thick,  with  foot,  9  in.  by  6  in.  by  J  in.,  on 
bottom  of  each  bracket.  Outer  circle,  4  tiers,  4  ft.  g  in, 
deep,  and  i  in.,  J  in.,  }  in.,  and  |  in.  thick  respectively. 
55  plates  in  the  circumference.  Snii^,  projecting  4J  in,, 
2  in,  below  centre,  to  support  binding  hoops. 

Flanges,  3J  in.  wide,  equal  to  plates  in  strength,  with  brackets 
between  the  bolt-holes. 

Bolt-holes  square,  J  in.,  6  in.  centre  to  centre. 

Bolts,  J  in.  square  under  head. 

Hoops,  flat-iron,  4  in.  by  1  in.,  with  suitable  jaws  and  screws, 
bound  round  each  tier  of  outside  plates. 

Joints,  ^  in.  thick,  caulked  with  iron  cement. 
Diameter,  103  ft.     Depth,  22  ft. 

riates,  bottom  or  ring,  5  ft.  wide,  i  in.  thick.  Inner  circle, 
I  tier  of  plates  only  4  ft.  deep,  i  in.  thick  ;  strengthened 
with  2  horizontal  ribs,  2  in.  deep  by  J  in.  thick  on  side 
~  next   centre    of   lank,    and    on   other   side   with   2  vertical 

brackets,  9  in.  at  bottom,  diminishing  to  nothing  at  lop, 
J  in.  thick,  with  foot  on  bottom  of  each,  9  in.  by  6  in. 
by  J  in.  Outer  circle,  5  tiers,  4  ft.  5  in.  deep,  and  i]  in., 
I  in.,  J  ill.,  f  in.,  and  J  in.  thick  respectively.  66  plates 
in  the  circiimfi-rence.  A  snug  or  bearing  bracket  cast  on 
each  of  the  outside  plates,  2J  in.  below  centre,  and  project- 
ing 4  in.  for  supporting  the  binding  hoops. 

Flanges,   3  in.   wide,    i   in.   thick,  with  brackets  between  the 
bolt-holes. 
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Bolt-holes,  J  in.  square,  6  in.  apart,  centre  to  centre. 

Bolts,  }  in.,  square  under  head. 

I~loop5,  flat-iron,  4^  In.  by  }  in.  for   bottom  tier,  4^   in.    by 
I  in.  for  the  others,  with  jaws  and  tightening  screws. 

J  oints.  ^  in.  thick,  ciiulkcd  with  iron  cement. 
Dia.nieter,  1 10  ft.     Depth,  24  ft.  2  in. 

F*lates,  bottom  or  ring,  3  ft.    10  in.  wide,  J  in,  thick.     Inner 
I  circle,    i    tier   of  plates   only,    4    ft.    deep,    J    in.    thick ; 

^^L  strengthened  with  2  horizontal  ribs,  2}   in.  broad  by  J  in. 

^^ft  thick  on  side  next  centre  of  tank,  and  on   the  other  side 

^^K  with  2  vertical  brackets,  9  in.  at  bottom,  diminishing  to 

^^M  nothing  at  top,  j  in.   thick,  with  foot  on  bottom  of  each, 

^^1  9  in.  by  6  in.  by  J  in.      Outer  circle,  5  tiers,  4  ft.    10  in. 

^^m  deep,    and    ij   in.,    1    in.,    ^   in.,    j    in.,    and   j    in.    thick 

^^H  respectively.     66  plates  in  the  circumference.      A  bearing 

^^B  bracket  cast  on  each  of  the  outside  plates,  3^  in.  below 

^^B  centre,   and  projecting  4  in.,    for  supporting  the   binding 

^^P  hoops. 

I^Ianges,    3  in.   wide,   and   same   strength   as   the  respective 
plates  ;  brackets  between  the  bolt-holes. 

Oolt-holes,  I  in.  square,  6  in.  apart,  centres. 

Bolts,  I  in.,  square  under  head. 

(Hoops,  flat-iron,  5  in.  by  i  in.  for  the  bottom  tier,  and  4^  in. 
by  I  in.  for  the  others,  with  suitable  jaws  and  tightening 
screws, 
joints,  ^  in.  thick,  caulked  with  iron  cement 


t>iamBter,  127  ft.     Depth,  20  ft.  8  in. 
Annular  space,  3  ft.  9  in,  wide. 
Folates,  bottom  or  ring  plates  ^  in.  thick  ;  sides  5  rows  deep  ; 
first  and  second  row  of  plates  from  bottom   ^  in.   thick  ; 
third  and    fourth   rows    V   in.   thick,  and  the   fifth   or   top 
row  f  in.  thick  ;    lap  of  plates,  3  in.  ;    the  top  of  the  inner 
row  of  plates  being  8  in.  lower  than  the  outer  row  ;  angle- 
iron  curbs  in  bottom,  4  in.   by  4  in.,   by  |  in.  thick;   the 
J  in.   and   ^^   in.    plates   riveted  with   |   in.   rivets,    2J   in. 
apart,  and  the  \  in.  plates  by  J  in.  rivets,  2  in.  apart. 
Curbs,  top  outer  curb  of  angle-iron  5  in.  by  5  in.  by  \  in. ;   top 

'3 


"rron  round   the  top  to  form 

riveted  at  6  in.  apart  with  |l 
standards  form  the  inlet  and  ti 
pose  they  are  continued  under  tl 
inside  of  the  inner  ring  of  side  s! 
rivets  as  before,  but  only  2  in.  a| 


THE  GASHOLl 

The    holder    or    floating    vessel    (' 
reservoir  for    the  gas,   and   it  serves 
of  equalizing"   the   distribution   of  the 
ensures  an   unbroken    continuity  of  si 
remains  in  it.     in  form  it  is  invariably 
inverted,  and  works  freely  up  and  down 
in  the  true  vertical  position,  carriages 
bottom  of  the  vessel,  and  these  carry 
against  guide-rails  attached  to  the  tank 
or  standards. 

The  holder  may  be  either  single 
(Fig.  107)  in  two  or  more  lifts.  \Vh' 
scopic  form,  its  capacity  is  nearly  doul 
(as  the  case  may  be)  the  capacity  of 
equal  dimensions  of  tank.  Ground  s( 
economized  by  its  adoption. 

'r^l''«''"pi^  hnlH..r^  ,rn^H|ym^y|^g||gg 
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are  not  required  where  an  exhauster  on  the  one  hand  and  a 
governor  on  the  other  are  employed,  as  is  the  case  in  all  but  the 
very  smallest  works.  In  the  latter,  when  the  diameter  and  depth 
of  the  holder  nearly  approximate,  it  will  generally  be  found  of 
advantage  to  reduce  the  pressure  by  counterbalancing. 

The  crown  or  roof  of  a  holder  may  be  either  trussed  (Fig.  106) 
or  untrussed  (Fig.  107).     In  the  latter  case  the  top  curb,  being 

without  radiating  struts,  requires  to  be  made  sufTicienlly  strong  to 

resist   the   pressure    of  the 

gas  exerted  on  the  under- 
side of  the  roof  which  tends 

to   distort    the    curb.       A 

framework  of  wood  or  iron 

is  required    to    be   erected 

within  the  tank  to  support 

the  untrussed    roof   when 

the  holder  is  empty  of  gas 

*ind  resting  on  the  landing 

stones. 

The  usual  rise  given  to 

the   roof    or    crown    of   a 

Mder   is    5    per   cent,    or 

One- twentieth   of  the  dia- 

"»eter. 

The  trussing  of  a  holder 

^s   in    principle     precisely 

similar  to  that  of  the  roof 

of  a  building.     It  consists 

o(  a  crown  plate  with  king 

post  or  centre  pillar,   hav- 
ing the   main   T   rafters   radiating   therefrom    to    the   top   curb, 
usually  angle -steel  of  strong  section,   these   being    braced   with 
main    and    secondary    lie  -  rods    and    struts;    secondary    rafters 
extending  from  the  curb  to  about   two-thirds  of  the  radius,  and 
aJl  braced  together  with   angle  or  flat  steel  purlins;    the  whole 
when  complete  somewhat  resembling  a  spider's  web.     Opposite 
each    column,    and    intermediately,    aru    vertical    slays    reaching 
from  the  top  to  the  bottom  curb  and  secured  thereto. 

The  top  and  bottom  curbs  of  a  holder  are  its  most  impoTl?LtvV 
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members,    and   should    be   carefully   designed,    both   as   regai — ^ 
their  strength  and  form,  to  resist  the  strains  to  which  they^»^rt 

subjected. 

The  lower  guide-framing  of  a  holder  consists  of  a  series  oi 
channel-irons  secured  by  Lewis  bolts  to  the  sides  of  the  tank,  one 
in  a  vertical   line  with  each  column  or  standard,  and   one  int^r- 


FiG.  loS. 


Fig,  109. 


mediately,  in  which  the  rollers,  held  by  carriages  attached  to  the 
bottom  curb,  revolve.  In  the  case  of  telescope  holders,  each 
outer  lift  also  carries  channel  guides  attached  to  the  curbs,  top 
and  bottom,  to  receive  the  rollers  of  the  corresponding  inner  lifts. 
The  upper  guide-framing  may  either  be  composed  of  cast-iron 
columns  or  wrought-iron  or  steel  standards,  with  back  and  front 
members  braced  together  by  lattice  bars,  and  having  a  channel  or 


(J AS   ENGINEERS  AND   MANAGERS. 


197 


r 


tee-iron  gtiide  in  front,  within  or  upon  which  the  giiide  rollers 
revolve.  Tiingential  rollers  are  also  sometimes  applied  to  vessels 
of  large  size.  The  roller  carriages  are  attached  to  the  lop  curb 
and  roof  plates  (which  are  made  thicker  at  these  points),  and|  in 
the  case  of  telescopic  holders,  to  the  top  of  the  grip. 

The  cast-iron  columns  or  wrought-iron  or  steel  standards  are 
braced  together  by  a  series  of  wrought-tron  or  steel  girders  at  the 
upper  end  (Fig.  106),  and  also  intermediately  in  the  case  of 
telescopic  holders  (Fig. 
107).     Diagonal  wind  ties 

of  round  wrought-iron  are 

also  employed  to  give 
"gidity  to  the  framing 
when  the  columns  or 
standards  are  of  consider- 
able height  (Fig.   107). 

Gasholders  with  the 
^Pper  Guide  -  Framing 
either  partiaily  or  wholly 
dispensed  with. — Sir 
George  Livesey  first  in- 
troduced at  Rotherhithe 
*he  method  of  carrying  the 
•^Pper  lift  of  a  three -lift 
bolder  beyond  the  guide- 
''"aniing,  the  only  additions 
'^ade  in  this  case  being 
^he  replacing  of  the 
channel  guides  with  H- 
iron  to  furnish  paths  for 
the  combined    radial    and 


Fig.  III. 


tangential  rollers  on  the  grips  of  the  middle  and  outer  lifts.  He 
has  further  extended  this  principle  at  East  Greenwich,  where  the 
two  upper  lifts  of  the  large  holders  rise  above  the  guide-framing. 

The  invention  of  Mr.  W.  Gadd  introduces  a  new  principle  of 
guiding ;  the  elevated  framing  being  entirely  dispensed  with,  and 
the  vessel  guidrd  from  the  bottom  curb.  The  channel  or  rail 
guides,  which  may  either  be  attached  to  the  tank  sides  (Fig.  108), 
or  to  the  outside  of  the  holder  (Fig,  J09),  are  placed  aV  an  ?ktv^\c 
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like  the  thread  of  a  screw,  instead  of  in  the  vertical  plane.     X~V»e  _ 

rollers  upon  the  bottom  curb,  or  upon  the  tank  coping^,  as  the  c^^*^ 
may  be,  are  ranged  either  radially  or  tangcntiaJly  with  the  sides    «>» 
the  vessel ;  and  as  they  work  in  the  channels  or  rails  provided   ^***_— 
them,  the  floating  vessel  rises  and  descends  in  the  tank  w'ixYb.     ^fl 
helical  or  screw-like  motion. 

Mr.  K.  Lloyd  Pease  in  his  ing-enious  arrangement  of  wire  rof^^s 
and  pulleys  also  dispenses  with  the  upper  guide-framing.     Ki^^^- 
no  and  iii  show  the  principle  of  the  arrangement  when  adapt 
to  a  single-lift  holder. 


Fig.  112. 


As  will  be  seen,  three  ropes  at  least  arc  required.  These  ar 
made  of  galvanized  steel-wire,  varying  in  size  from  half  an  inctff- 
upwards,  according  to  the  size  of  the  holder.  Each  rope  is^ 
fastened,  as  shown,  to  brackets  A  and  K  on  the  tank,  and  passes 
over  the  pulleys  BCD  carried  on  the  holder.  The  pulleys  are 
grooved  so  that  the  rope  cannot  slip  out  of  place,  and  small 
springs  are  used  to  keep  the  ropes  at  an  even  tension.  The  ropes 
act  independently  of  each  other,  so  that  in  case  of  a  failure  only 
one  rope  is  affected. 

Sir  Qeorge  Livesey's  Hydraulic  Seal  {Fig.  112),  for  attach- 
ing to  the  underside  of  tht:  roof  of  a  gasholder  over  the  inlet  and 
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Outlet  pipes,  is  an   ingenious  device  for  allowing  access   to  the 

k pipes  without  having  to  discharge  the  gas  contained  in  the  crown. 
Precautions  to  be  observed  in  the  Working  of  Gasholders, 
• — Telescopic  holders  are  liable  in  winter  to  be  thrown  out  of  order 
hy  the  freezing  of  the  water  in  the  cup  between  the  lifts.  When 
the  lower  lift  is  down,  the  upper  lift  in  its  progress  downward 
rolls  the  ice  and  snow  in  the  lute  into  lumps,  often,  if  not  removed, 
throwing  the  vessel  out  of  plumb,  and  even  fracturing  the 
columns.  Great  care  should  therefore  be  taken  to  keep  the 
x^'ater-lute  clear  ;  and  where  steam  can  be  readily  applied,  it  is  of 
the  utmost  service  in  accomplishing  this  object  in  time  of  frost. 
.A.ppliances  of  various  kinds  have  been  devised  for  preventing  the 
Treezing  of  the  water  in  gasholder  tanks  and  cups,  by  admitting 
<iteam  or  hot  water  at  Intervals  round  the  circumference  of  the 
vessel. 

Another  important  precaution  is  to  keep  the  top  or  crown  of 
the  holder,  whether  single  or  telescope,  clear  of  snow,  especially 
w-'hcn  the  latter  is  drifting.  Nothing  will  sooner  break  down  a 
holder  and  its  guide-framing  than  allowing  a  mass  of  snow  to 
collect  and  lie  on  one  side  of  the  roof. 

The  oscilla-tion  of  a  telescope  holder  during  strong  winds  is 
greater  when  uncupped  than  when  the  lifts  are  joined.  Its 
liability  to  damage  from  wind  is  also  greater  when  uncupped, 
even  although  less  surface  is  presented  to  the  wind's  action. 

The  sheeting  of  a  holder,  being  thin  and  the  portion  most  liable 
to  wear  out  by  oxidation,  should  be  coated  outside  at  least  once  a 
year  with  good  oxide  of  iron  or  other  suitable  paint.  All  rust 
should  be  removed  before  laying  on  the  paint,  and  for  this  pur- 
pose the  sheets  should  be  scrubbed  with  a  brush  made  of  short 
sleel  wires.  For  removing  tar  a  steel  scraper  may  be  employed. 
If  coating  with  tar  t>e  preferred  to  paint,  the  following  recipe  will 
t>e  found  useful : — 

I  gallon  of  tar. 

A  lb.  of  siaked  lime. 

I  lb.  of  pitch. 

i  lb.  of  taltow. 

I  pint  of  coal  naphtha. 

Dissolve  the  pitch  and  mix  the  lime  In  the  tar  by  heating  them 
'"  a  boiler,   being   careful  not  to  boil   them  ;    ladle   ouV  VUt  Vvq\ 
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liquid  into  a  bucket,  and  then  add  the  tallow   and   the  naphtf^ 
Stir  the  mixture  occasionally,  and  with  a  brush   paint   it  on  t: 
holder  before  it  grows  cold. 

It  happens  not  unfrequently  that  the  roof  of  a  gasholcf 
becomes  pitted  with  small  pinholes,  from  which  there  is  a  co 
siderable  and  constant  escape  of  g'as.  This  may  arise  from  tl 
inferiority  of  the  iron  in  the  first  instance  ;  or  from  allowing  tl 
sheets  to  become  oxidized  before  fixing-;  or  it  may  be  due 
neglect  to  paint  the  vessel  when  in  use.  In  districts  where  thei 
are  numerous  chemical  works,  the  impurities  in  the  atmosphei 
affect  the  sheets  in  this  manner.  The  leaks  may  be  stopped 
coating  the  roof  with  hot  tar,  and  riddling  dry  sand  or  cemer 
over  it  through  a  sieve,  at  the  same  time  rubbing  the  mixture  wel 
in  with  a  stiff  brush. 


To  ascerfnin,  by  the  following'  Table,  the  Pressure  which  a  Gas- 
holder  It  ill  give  t  the  Diameter  and  Weight  being  known. 

Rlle. — Divide  the  weight  in  lbs.  of  the  gasholder  by  the  weight^ 
given  opposite  to  the  diameter. 

Example. — What  pressure  will  a  gasholder  give  whose  weight 
is  32,075  lbs.,  and  diameter  56  feet  ? 

32,075  T- 1283=  J  J,  maximum  pressure  of  gasholder. 

The  figures  given  in  the  following  table  are  based  on  the 
weight  of  a  cubic  foot  of  water — viz.,  62*5  lbs.  ;  a  column  of 
water  /fj  in.  high,  with  an  area  of  i  sq.  ft.»  being  '52083  lbs., 
or  the  I20th  part. 

Thus,  if  the  area  of  the  holder  in  feet  (obtained  hy  squaring 
the  diameter  and  multiplying  by  7854)  be  multiplied  by  62*5,  the 
weight  of  a  cubic  foot  of  water  in  lbs.,  and  divided  by  120,  the 
number  of  loths  of  an  inch  in  a  foot,  the  product  will  be  the  weight 
of  the  holder  in  lbs.  for  each  10th  of  an  inch  maximum  pressure. 

Or  thus  :  The  area  of  a  circle  is  to  the  square  of  its  diameter 
as  '7854  is  to  1  ;  hence  the  weight  of  a  gasholder  in  lbs.,  to  give 
^*fl  of  an  inch  pressure,  is  to  the  square  of  its  diameter  in  feet 
as  '52083  X  7854  is  to  unity  ;  or,  which  is  the  same  thing,  as 
'4091  is  to  unity.  So  to  ascertain  the  weight  of  a  holder,  say, 
100  ft.  diameter,  giving  a  maximum  pressure  of  JJ  — 

100=*  X  I*;  X  "4091  =  143,185  lbs.,  weight  of  gasholder. 
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Gasholder  Capacity, — The  holder  or  holders  should  be  of  cap- 
a^crity  sufficient  to  contain  at  least  the  twenty-four  hours*  maximum 
pr-oduction  of  gas.  An  excess  in  capacity,  though  not  absolutely 
necessary,  is  found  advantageous  in  point  of  convenience  and 
ec::<jnomy,  where  the  rate  of  consumption  is  liable  to  fluctuations 
t>y  the  non-lighting  of  the  public  lamps  during  the  hours  of  moon- 
li^'ht,  and  where,  as  in  manufacturing  towns  and  districts,  the 
l£».r"ge  manufactories,  generally  the  heaviest  gas  consumers,  being 
dosed  on  Saturday  nights  and  Sundays,  the  production  for  these 
t.%vo  days  (unless  Sunday  labour  is  partially  avoided)  is  greatly  in 
esc  cess  of  the  consumption. 

There  can  be  no  doubt«  also,  that  abundant  gasholder  capacity 
t^nds  to  convenience,  and,  what  is  of  greater  importance,  to 
e<:r<3nomy  in  gas  manufacture,  especially  when,  as  is  now  frequently 
th»^  case,  a  setting  of  eight  and  nine  through  retorts,  heated  by 
or»€  furnace,  embraces  as  many  as  iti  or  i8  mouthpieces.  Unless 
tl-i<i  storage  capacity  is  very  ample,  it  is  a  matter  of  difficulty  either 
to    start  or  to  let  down  so  many  mouthpieces  at  once. 


I>lMENSIONS  OF  THE  PRINCIPAL  MATERIALS  IN 
GASHOLDERS  IN  ACTUAL  WORKING. 

Siti^ic  Gasholtfcr. 

*^iametcr,  30  ft.     Depth,  15  ft. 

Roof  sheets,  No.  17  B.  wire  gauge. 
Side  sheets,  No.  18  B.  wire  gauge. 
Inlet  and  outlet  pipes,  6  in.  diam. 

SingU  Gasholder, 

t)iameler,  35  ft.     Depth,  12  ft. 

Roof  sheets,  No.  15  B,  wire  gauge. 

Side  sheets.  No.  16  B.  wire  gauge. 

Crown  plate,  3  ft.  6  in.  diam.,  \  thick. 

4  main  and  4  secondary  bars,  of  3  in.  T-iron. 

Top  and  bottom  curbs,  06*3  in.  angle-iron. 

4  columns,    13  ft.  6  in.    long  ;  diatn.   at  base, 

4  holding-down  bolts  to  each  column,  4  ft.  long, 
Inlet  and  outlet  pipes,  8  In.  diam. 


6  in.  ;  at   top, 

in.  round  iron. 
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Single  Gasholder, 

Diameter,  40  ft.     Depth,  15  ft. 

Crown  plate,  3  ft.  5  in.  diam.,  J  in.  thick. 

Roof  sheets,  No.  14  B.  wire  g-aug-e. 

Side  sheets,  top  and  bottom  tiers,  No.  14  B.  wire  gauge;  a— 

the  rest.  No.  15  B.  wire  gauge. 
Rivets  for  sheets,  \  In.  diam.,  i  in.  apart,  centre  to  centre. 
Rivets  for  top  curb,  J  in.  diam.,  \\  in.  apart,  centre  to  centre- 
Rivets  for  bottom  curb,  J  in,  diam.,  6  in.  apart,  centre  to  centre- 
Centre  pipe  of  cast-iron,  6  ft.  long,  4  in.  diam. 
Truss  cup,  cast-iron,  2  ft.  6  in.  di;im. 
I  a  main  bars,  T-iron,  2^  by  z\  by  g  in, 
4  vertical  stays,  T-iron,  3  by  %\  by  |  in. 
Top  curb,  angle-iron,  3  by  3  by  J  in. 
Bottom  curb,  angle-iron,  3  by  3  by  g  in. 
4  columns,   17  ft.  long;  diam.   at  base,  9  in.  ;  diam.   at   top, 

7  in. 
3  holding-down  bolts  to  each  column,  7  ft.   long  each,  1}  in. 

diam. 
Girders  of  T-iron,  3  by  4  by  J  >n.,  trussed. 
Balance-weights,  40  cwt.  ;   J  in.  chains. 
Inlet  and  outlet  pipes,  8  in.  diam. 


1 1   B.  wire  gauge  ; 
the 


Single  Gasholder. 

Diameteri  44  ft.  6  in.     Depth,  20  ft. 
Rise  of  crown,  r  ft.  g  in. 
Crown  plate,  3  ft.  6  in.  diam.,  g  in.  thick. 
Roof  sheets,  inner  and  outer  circles,  No 

all  the  rest.  No.  14. 
Side  sheets,  top  and  bottom  tiers,  No.  12  B.  wire  gauge 

rest.  No.  17. 
Rivets  for   Nos.    u  and   14  sheets,  /«   in.  diam.  ;  for  No.    16 

sheets,  \  in.  diam. 
5  main  and  5  secondary  bearing  bars,  of  T-iron,  3  by  3  by  \  in. 
5  columns,  22  ft.  long,  7  in,  diam.  at  base,  sj  in.  diam,  at  top  ; 

metal  J,',  thick. 
4  holding-down  bolts,  16  ft,  long,  \\  in.  square-iron. 
Inlet  and  outlet  pipes,  8  in.  diam. 
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Single  Gasholder, 

ametcr,  50  ft.     Depth,  16  ft. 
Rise  of  crown,  2  ft.  6  in. 
Crown  plate,  3  ft.  diam.,  J  in.  thick. 
Roof  sheet.s,  inner  and  outer  circles,  No.  12  B.  wire  g'auge  ;  a!l 

the  others,  No,  14. 
Side  sheets,  top  and  bottom  tiers,  No.  14  B.  wire  gaug^e  ;  the 

others,  No.  16. 
Rivets,  }  in.  diam.,  i  in.  apart,  centres. 
Rivets  for  joining  sheets  toang-le-iron,  g  in.  diain.,  i  J  in.  apart, 

centres. 
Rivets  for  bottom  curb,  ^  in.  diam.,  9  in.  apart,  centres. 
10  main  and  10  secondary  rafters,  of  T-iron,  3  by  3  by  J  in. 
Top  curb,  of  ang-Ie  iron,  2  by  3  by  g  in. 
Bottom  curb,  two  ring's  of  angle-iron,  3  by  3  by  J  in.,  6  in. 

apart,  with   flat   bar  of  iron,  6  in.  wide  and  ^  in.  thick, 

between  them. 
Centre  strut,  cast-iron   pipe,  9  ft.   long,  6  in.  external  diam., 

if  in.  thick  ;  bearing  flanges,   13  in.   diam.,    1]  in.   thick; 

outer  ring  of  cup  streni^'thened  by  a  ring  of  S  C  and  crown- 
iron,  2  by  I  in.,  shrunk  on  hot. 
ID  vertical  ribs,  T-iron,  3   by  3   by  J    in.,  secured   to  top  and 

bottom  curbs  and  to  side  sheets. 

5  columns,  iS  ft.  long  ;  diam.  at  base,  7  in.  ;  diam.  at  top,  5  in.  ; 

metal,  \  in.  thick. 
Suspension  chains,  ^  in.  short  link,  tested  to  5  tons. 
Inlet  and  outlet  pipes,  10  in.  diam. 

Single  Gasholder, 

iameier,  50  ft.     Depth,  20  ft. 
Rise  of  crown,  12  in. 
Roof  sheets,  No.  14  B.  wire  gauge. 
Side  sheets.  No.  15  B.  wire  gauge. 
Rivets,  I  in.  apart,  centres. 
Top  and  bottom  curbs,  3  in.  angle-iron. 

6  vertical  bars. 

6  columns,  22  ft.  long,  cast  in  two  lengths  each  ;   r  2  in.  diam.  at 

base.  6  in.  diam.  at  top. 
Inlet  pipe  and  outlet  pipes,  10  in.  diam. 


A 


•3  B, 


Wire  gauge 


Sing-lc  Gasholder. 
Diameter,  60  ft.     Depth,  17  ft. 
Rise  of  crown,  3  ft. 
Crown  plate,  4  ft,  diam.,  i  in.  thick. 
Roof  sheets,  inner  and  outer  circles,  No. 

the  rest,  No.  14. 
Side  sheets,  top  and  bottom  tiers,  No.   14  B.  wire  gauge  ;  the 

rest.  No.  15. 
Top  curb,  4  by  4  by  j'rt  in.  angle-iron. 
Bottom  curb,  two  bars  of  3  by  3  by  J  in.   angle-iron,  placed 

back  to   back,    and    bar  of  flat-iron   riveted  to  the  bottom 

with  g  in.  rivets. 
16  vertical  bars,  2^  by  2  J  by  g  in.  T-iron,  riveted  to  top  and 

bottom  curbs  and  to  side  sheets. 
8  columns,  18  ft.  long  ;  diam.  at  base,  6^  in. 

metal,  J  in.  thick. 
Inlet  and  outlet  pipes,  i^  in.  diam. 


at  top,  sj  in. 


Siiij^lv  Gashoider. 
Diameter,  60  ft.     Depth,  18  ft. 

Roof  sheets,  inner  and   outer  circles.  No.  13   B.   wire  gauge 

the  others,  No.  14. 
Side  sheets,  lop  and  bottom  tiers,  No.  14  B.  wire  gaug-e  ;  the 

others,  No.  15. 
Top  curb,  4  by  4  by  •,  in.  angle-iron. 
Bottom  curb,  formed  of  two  bars  of  angle-iron,  4  by  4  by  J  in., 

riveted  back  to  back  with  J  in.  rivets,  12  in,  apart,  centres. 
14  vertical  bars,  4  by  3  by  ^  in.  T-iron. 
7  columns,  ly  ft.  6  in.  long"  each. 
Inlet  and  outlet  pipes,  \2  in.  diam. 


Single  Gasholder. 
Diameter,  81  ft.  8  in.     Depth,  20  ft.  6  in. 
Rise  of  crown,  3  ft. 
Crown  plate,  4  ft.  diam.,  J  in.  thick. 
Roof  sheets,   inner  and  outer  circles, 
No.  14  B.  wire  gauge. 


No,    10 ;  all   the  rest, 


Side  sheets,  top  and  bottom  tiers,  No.  14  ;  alt  (he  rest,  No.  16 


B. 


wire  gauge, 
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Rivets,  1  in.  diam.,  i  in.  apart,  centres. 

lb  main  ratters.  5  by  3  by  }  in.  T-iron. 

16  secondary  rafters,  4  by  ^  in.  flat-iron,  placed  on  edge. 

Centre  strut  cast-iron  pipe,  9  ft.  long,  7  in.  external  diam.,  1  in. 
thick  ;  flanges,  13  in.  diam.,  i^  in.  thick  ;  cup  strengthened 
by  a  hoop,  2  by  i  in.  S  C  iron,  shrunk  on  hot. 

Tension  rods,  long  Queen  bolts,  short  Queen  holts,  long  sus- 
penders, short  suspenders,  16  in  number  each,  of  i  J  in., 
1^  in.,  j\  in.,  1  in,,  and  }  in.  round-iron  respectively. 

Top  curb,  of  angle-iron,  4  by  4  by  J  in. 

Bottom  curb,  of  angle-iron,  4  by  4  by  J  in.,  with  bar  of  flat-iron, 
6  by  J   in.   between,  and  riveted   with    ^   in.  rivets,    rs  in. 
apart . 
12  vertical  bars,  4  by  3  by  J  in.  T-iron. 

inlet  and  outlet  pipes,  14  in.  diam. 


Sfujf/t'  Gas/to/t/cr, 

Diameter,  87  ft.     Depth,  20  ft. 

Rise  of  crown,  4  ft. 

2  crown  plates,  4  ft.  diam.,  J  in.  thick. 

Roof  sheets,  inner  and  outer  circles,  No.  12  ;  the  rest,  No.  14 
B.  wire  gauge,  except  9  sheets  upon  which  the  sliding 
carriages  are  fixed.  No.  7  B.  wire  gauge. 

Side  sheets,  top  and  bottom  tiers,  No.  12  ;  all  the  remainder, 
No.  14  B.  wire  gauge. 

Rivets,  i^yf  in.  diam.,  1  in.  apart,  centres. 

Centre  pipe  of  wrought-iron,  12  ft.  long,  12  in.  diameter. 

Truss  cup,  wrought-iron,  3  ft.  diam.,  J  in.  thick. 

18  main  bars,  T-iron,  4  by  3  by  J  in. 

18  secondary  bars,  T-iron,  3  by  3  by  J  in. 

9  rings  or  purlins  of  bracket  bars,  the  middle  purlin  of  angle- 
iron  3 J  by  3J  by  J  in.,  the  remainder  of  flat-iron,  2  by  J  in., 
secured  to  main  and  secondary  bars  with  |  in.  bolts. 

18  principal  tension  rods,  ij  in.  diam, 

36  diagonal  tension  rods,  J  in.  diam. 

36  truss  bars  ;   18  of  i  J  in.  diam.,  18  of  i|  in.  diam. 

Top  curb,  2  rings  of  angle-iron,  3  J  by  3  J  by  |  in. 

Bottom  curb,  2  rings  of  .mgle-iron,  3J  by  3  J  by  g  in, 

18  vertical  truss  bars,  T-iron,  3  J  by  3 J  by  J  in. 
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9  columns,  22  ft.  long  each,  14  in.  diam.  at  base,  11  in.  at  top. 

4  holding-down  bolts,  8  ft.  long",  ij  in.  diam. 
Inlet  and  outlet  pipes,  16  in.  diam. 

Sing-lc  Gasholder^ 
Diameter,  100  ft.     Depth,  20  ft. 
Rise  of  crown,  5  ft. 

2  crown  plates,  5  ft.  diam,,  J  in.  thick. 
Roof  sheets,  inner  and  outer  circles,   No.    jo;  the  remainder, 

No.  12  B.  wire  gaug-e,  except  carriage  sheets,  }  in.  thick. 
Side  sheets,   top  and   bottom    tiers,    No.    9;    the    remainder, 

No,  12  B.  wire  g'augc. 
Rivets,  ^f^  in.  diam.,  1  in.  apart,  centres. 
Centre  pipe  of  wrought-iron,  14  ft.  long,  24  in.  diam.,  /g  in. 

thick. 
i8  main  and  18  secondary  bars. 
Top  curb,  2  rings  of  angle-iron^  4  by  4  by  ^'j,  in. 
Bottom   curb,   2  rings  of  angle-iron,  4  by  4  by  /^  in.,  and  a 

flat  bar  of  wrought-iron,  6  by  ^  in. 
18  vertical  bars,  T-iron,  4  by  4  by  g  in. 
9  columns,  24  ft.  long,  24  in.  diam.  at  base,    18  in.  diam.  at 

top,  I J  to  I  in.  metals. 
4  holding-down  bolts,  8  ft.  long,  i\  in.  diam. 
Inlet  and  outlet  pipes,  18  in.  diam. 

Singie  Gasholder. 

Diameter,  110  ft.     Depth,  26  ft. 
Rise  of  crown,  5  ft.  6  in. 
Crown  plates,  4  ft.  diam.  ;  f  in.  thick. 
Roof  sheets,  row  next  centre  and  outer  row  next  curb,  \  in. 

thick  ;  second  row  from  centre,  \  in.  thick  ;    and  second 

row   next   curb,   ^^    in.    thick  ;    the   remainder,  No.    12  B. 

wire  gauge. 
Side  sheets,  top  and  bottom  rows,   J-  in.   thick  ;   next  row  to 

each,  fix  in.  thick  ;  the  remainder,  No.  12  B.  wire  gauge. 
Rivets,   \  in.  and  ^^  in.    plates,  f  in.   rivets,  2  in.   centres ; 

the  ^  in.   and  No.  12  B.  wire  gauge  sheets,  ,V  i"-   rivets, 

I J  in.  centres;    \   in.  plates  and  curb,   g  in.   rivets,  2  in. 

centres. 


OAS   ENGINEERS   AND   MAXACEKS. 


sod 


and  a 


Top  curb  of  2  ungfle-irons,  5  by  4  by  J  in. 

BoUom  curb  of  2  angle-irons,  4  by  4  by  J  in. 

Vertical    stays,   14,  of   2    an^le-irons   3   by  3  by   J   in, 

piece  of  timber  12  in.  by  4  in.  boiled  between. 
Centre  pipe  of  j  In.  plate,  2  ft.  diam. 
Main  rafters,  28,  of  T-iron  5  by  3  by  J  in. 
Purlins,  of  T-iron  3  by  4  by  ^  in.,  and  remainder  of  angle-iron 

3  by  3  by  i  in. 
Struts,  3,  on  main  rafters  ij  and  i^  in.  diam. 
Tie-rod»  principal   i§  in.  diam..  second  t^  in.  diam.,  and  third 

1  in.  diam. 

Columns,  14,  of  cast-iron  i  ft.  6  in.  in  diam.  at  bottom,  1  ft^ 

2  in.  at  top  ;  metal  |  in.  at  bottom,  diminishing  to  |  in, 
thick  at  top. 

Molding-down  bolts,  4,  i^  in.  diam.,  20  ft.  long. 

Lattice  girders,  14,  j  ft.  6  in.  deep,  of  two  frames  of  angle-iron, 

3  by  3  by  h  in.,  and  braces  2^  by  \  in.  riveted  between,  top 
and  bottom  of  girder  covered  with  a  plate  10  in.  wide  by 
'l  in.  thick. 

Inlet  and  outlet  pipes,  20  in.  diam. 


Sr'n^ie  Gasfwhier, 

Diameter,  142  ft.     Depth,  55  ft. 

Roof,  without  trussing  or  framework. 

Roof  sheets,  first,  or  outside  circle,  3  ft.  long,  g  in.  thick; 
rivets,  I  in.  diam.,  2^  in.  apart,  centres.  Second  circle, 
3  ft,  long,  }  in.  thick  ;  rivets,  ^\^  in.  diam.,  2J  in.  apart, 
centres  ;  centre  sheets,  forming  a  circle,  30  ft.  diam.,  |  in. 
thick,  butted   and  riveted  to  each  other  by  lapping  pieces, 


in.    wide  ;    rivets, 


i<i 


diam.  ;    remainder   of    roof 


sheets,    5   ft.    long,    f^  in.   (No.  7  B.  wire  gauge)  thick  ; 

rivets,  f  in.  diam.,  \\  in.  apart,  centres. 
Side  sheets,  top  and  bottom   tiers,   {   in.   thick  ;  rivets,   ^   in. 

diam. ,    1 J    in.    apart,    centres.      I ntervening    side    sheets, 

No.    10  B.   wire  gauge;  rivets,  ^   in.   diam.,    i\   in.   apart, 

centres. 
Top   curb,   a   circular  chamber   or   girder,    in    section    nearly 

rectangular;   outer  depth,    18   in.;   inner  depth,    19I  in.; 

width,  2  ft.  6  in.  ;  constructed  of  4  by  4  by  J  in.  angle-iron, 
<4 
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Bottom  curb,  formed  of  two  circles  off  in.  boiler  plates,  12  in. 

wide,  each  riveted  to  a  circle  of  angle-iron,  4  by  4  by  j  in. 
32  vertical  stays,  three  sides  of  a   rectangfular  figure,    12   in. 

wide,  10  in.  deep  ;  formed  of  four  angle-irons  3  by  3  by  |  in. 

and  .1  in.  boiler-plate. 
16  columns  ;  diam.  at  base,  3  ft.  ;  at  top,  2   \'t,  3   in.  ;  metal, 

I  in.  to  j  in.  thick. 
4  holding-down  bolts,  10  ft.  long,  2^  in.  round-iron. 
inlet  and  outlet  pipes,  30  in.  diam. 

Ttoo^lift  Telescopic  Gasholder, 

Diameter  of  outer  lift,  44J  ft.     Depth,  16  ft. 
Diameter  of  inner  lift,  43  ft.      Depth,  16  ft. 
Rise  of  crown,  i  ft.  9  in. 
Crown  plate,  3  ft.  6  in.  diam.,  |  in.  thick. 
Roof  sheets,   inner  and   outer  circles,    No.    \i\  all    the    restT 

No.    14  B.   wire  gauge. 
Side  sheets  in  both  lifts,  lop  and  bottom  tiers,  No.  13  ;  all  the 

rest  No.  16  B.  wire  gauge. 
Rivets   for  Nos.   \2   and    r4  sheets,    ,'\  in.  diam.  ;  for  No.   16 

sheets,  \  in.  diam. 
Cup,   inner    lift,    formed    by   2    rings  of   2J    by   2^    by   y\,   in, 

angle-iron,  connected  it^ether  with  No.  8  plates,  with  side 

of   No.    10  plate,  and  a  ring  i^   by  ^  in.  half-round   iron, 

riveted  round. 
Grip,  outer  lift,  the  counterpart  of  the  cup  inverted. 
Main-bearing  bars,  T-iron,  3  by  3  by  ^  in. 
Secondary  bearing  bars,  T-iron,  3  by  3  by  |  in. 
6  vertical  bars,  inner  lift,  T-iron,  2J  by  2\  by  \  in. 
6  vertical  bars,  outer  lift,  T-iron,  aj  by  i  J  by  \  in. 
Bottom  curb,  angle-iron,  double,  3  by  3  by  J  in. 
6  columns,  12  in.  diam.  at  base,  10  in.  at  top;  metal,  i  in. 

j  in.  thick. 
Inlet  and  outlet  pipes,  lo  in.  diam. 


TwO'lift  Telescopic  Gasholder. 

Diameter,  outer  lift,  K7  ft.  Depth,  20  ft. 

Diameter,  inner  lift,  85  ft.  Depth,  20J  ft. 
Rise  of  crown,  4  ft. 


GAS  EKOIKEERS  AND  MANAOERS. 
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2  crown  plates,  4  ft.  diam.,  J  in.  thick. 

Roof  sheets,  inner  and  outer  circles,  No.  12  ;  the  rest,  No.  14 
B.  wire  gauge,  except  9  sheets  upon  which  the  carriages 
are  fixed,  No.  7  B.  wire  gaug-e. 

Side  sheets,  top  and  bottom  tiers,  both  lifts,  No.  12;  all  the 
rest.  No.  14  B.  wire  gauge. 

Rivets,  |-fl  in.  diam.,  1  in.  apart,  centres. 

Hydraulic  cup  and  dip,  7  in.  wide,  16  in.  deep. 

Centre  pipn:  of  wrought-iron,  12  ft.  long,  12  in.  diam. 

Truss  cup,  wrought-iron,  3  ft.  diam.,  j[  in.  thick. 

iS  main  bars,  T-iron,  4  by  3  by  ^  in. 

18  secondary  bars,  T-iron,  3  by  3  by  ^  in. 

9  rings  or  purlins  of  bracket  bars,  the  middle  purlin  of  angle- 
iron,  3J  by  3  J  by  J  in.,  the  remainder  of  flat-iron,  3  by  J  in., 
secured  to  main  and  secondary  bars  with  I  in.  bolts. 

18  principal  tension  rods,  i|  in.  diam. 

3b  diagonal  tension  rods,  I  in.  diam. 

36  truss  bars  ;   i8  of  i^  in.  diam.,  iS  of  i^  in.  diam. 

Bottom  curb,  2  rings  of  angle-iron,  3J  by  3J  by  J  in. 

jS  vertical  truss  bars,  T-iron,  3J  by  3J  by  -J  in. 

9  columns,  41  ft.  long,  30  in.  diam.  at  base,  20  in.  at  top,  i  J  to 
J  in.  metal,  cast  in  4  lengths. 

4  holding-down  bolts,  8  ft.  long,  i  J  in.  diam. 

Inlet  and  outlet  pipes,  18  in.  diam. 

Two-it//  Telescopic  Gasholder, 

Diameter,  outer  lift,  too  ft.     Depth,  22  ft. 
Diameter,  inner  lift,  98  ft.     Depth,  22  ft. 

Roof  sheets,  No.  1 1  B.  wire  gauge. 

Side  sheets,  top  tier,  to  be  No.  11  ;  all  the  others,  No.  12  B. 
wire  gauge. 

Rivets,  I  in.  diam.,  1  in.  apart,  centres. 

Hydraulic  joint,  8  in.  wide,  15  in.  deep,  No.  10  IJ.  wire  gauge  ; 
lop  edge  of  cup  and  bottom  edge  of  dip  bound  by  half-round- 
iron  2  by  I  in.  thick. 

Bottom  curb,  angle-iron,  4  by  1  in.  at  the  root,  and  ring  of  bar- 
iron  4  by  I  in. 

12  columns,  24  in.  diam.  at  base,  16  in.  at  top;  metal,  ij  to 
I  in.  thick. 
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Bottom  curbi  formed  of  two  circles  of  J  ia.  boiler  plates,  12  in. 

wide,  each  riveted  to  a  circle  of  angle-iron,  4  by  4  by  J  in. 
32  vertical  stays,   three   sides  of  a   rectang"ular  figure,    12   in. 

wide,  10  in.  deep  ;  formed  of  four  angle-irons  3  by  3  by  g  in. 

and  \  in.  boiler-plate. 
16  columns  ;  diam.  at  base,  3  ft.  ;  at  top,  2   ft.  3  in.  ;  metal, 

J  in.  to  ^  in.  thick. 
4  holding-down  bolts,  10  ft.  long,  2^  in,  round-iron. 
Inlet  and  outlet  pipes,  ^o  in.  diam. 

Tzvo-/ift  Telescopic  GashoUier. 

Diameter  of  outer  lift,  44J  ft.      Depth*  16  ft. 
Diameter  of  inner  lift,  43  ft.      Depth,  \(y  ft. 
Rise  of  crown,  1  ft.  9  in. 
Crown  plate,  3  ft.  6  in.  diam.,  §  in.  thick. 
Roof  sheets,   inner  and   outer  circles,    No. 

No.    14  B.   wire  gauge. 
Side  sheets  in  both  lifts,  top  and  bottom  tiers,  No. 

rest  No.  16  B.  wire  gauge. 
Rivets   for  Nos.   12   and    14  sheets,   ^^^  in.  diam.;  for   No.    16 

sheets,  \  in,  diam* 
Cup,    inner    lift,    formed    by   2    rings  of  2J    by    2J    by    ,\  in. 

angle-iron^  connected  together  with  No.  8  plates,  with  side 

of  No.    10  plate,  and  a  ring   i]   by  J  rn.   half-round    iron, 

riveted  round. 
Grip,  outer  lift,  the  counterpart  of  the  cup  inverted. 
Main-bearing  bars,  T-iror,  3  by  3  by  J  in. 
Secondary  bearing  bars,  T-iron,  3  by  3  by  §  in. 
6  vertical  bars,  inner  lift,  T-iron,  2J  by  2^  by  f  in. 
6  vertical  bars,  outer  lift,  T-iron,  2J  by  i^  by  ^  in. 
Bottom  curb,  angle-iron,  double,  3  by  3  by  |  in. 
b  columns,  12  in.  diam.  at  base,  10  in.  at  top;  metal,  1  in,  to 

j  in.  thick. 
Inlet  and  outlet  pipes,  10  in.  diam. 


2  ;  all    the    rest, 


all  the 


Two-lift  Telescopic  Gasholder 

Diameter,  outer  lift,  87  ft.     Depth,  20  ft. 
Diameter,  inner  lift,  85  ft.     Depth,  20^  ft. 
Rise  of  crown,  4  ft. 
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Rivets,  J  in.  dtain.,  i  in.  apart,  centres. 

i6  main  rafters,  5  by  3  by  i  in.  T-lron. 

16  secondary  rafters,  4  by  J  in.  flat-iron,  placed  on  edge. 

Centre  strut  cast-iron  pipe,  y  ft.  lon^,  7  in.  external  diam.,  i  in. 
thick  ;  flanges,  it^  in.  diam.,  i\  in.  thick  ;  cup  strengthened 
by  a  hoop,  2  by  1  in.  S  C  iron,  shrunk  on  hot. 

Tension  rods,  long  Queen  bolts,  short  <Jucen  bolts,  long  sus- 
penders, short  suspenders,  16  in  number  each,  of  i  J  in., 
t  J  in.,  t\  in.,  I  in.,  and  2  in.  round-iron  respectively. 

Top  curb,  of  angle-iron,  4  by  4  by  J  in. 

Bottom  curb,  of  angle-iron,  4  by  4  by  J  in.,  with  bar  of  flat-iron, 
6  by  J  in.  between,  and  riveted  with  jj  in.  rivets,  12  in. 
apart. 

12  vertical  bars,  4  by  3  by  J  in.  T-iron. 

Inlet  and  outlet  pipes,  14  in.  diam. 


Shtffie  GashoUler» 

^^meler,  87  ft.     Depth,  ao  ft. 

Rise  of  crown,  4  ft. 

2  crown  plates,  4  ft.  diam.,  \  in.  thick. 

Roof  sheets,  inner  and  outer  circles,  No.  12  ;  the  rest,  No.  14 
B.  wire  gauge,  except  q  sheets  upon  which  the  sliding 
carriages  are  fixed.  No.  7  B.  wire  gauge. 

Side  sheets,  top  and  bottom  tiers,  No.  13  ;  all  the  remainder, 
No,  14  B.  wire  gauge. 

Rivets,  /«  in.  diam,,  i  in.  apart,  centres. 

Centre  pipe  of  wrought  iron,  \2  ii.  long,  12  in,  diameter. 

Truss  cup,  wrought-iron,  3  ft.  diam.,  \  in.  thick. 

iS  main  bars,  T-iron,  4  by  3  by  \  in. 

18  secondary  bars,  T-iron,  3  by  3  by  \  in. 

wrings  or  purlins  of  bracket  bars,  the  middle  purlin  of  angle- 
iron  3^  by  3 J  by  \  in.,  the  remainder  of  flat-iron,  2  by  J  In., 
secured  to  main  and  secondary  bars  with  \  in.  bolts. 

18  principal  tension  rods,  ij  in.  diam. 

36  diagonal  tension  rods,  J  in.  diam. 

36  truss  bars  ;   18  of  i  J  in.  diam.,  18  of  i]  in.  diam. 

Top  curb,  2  rings  of  angle-iron,  3  J  by  3J  by  |  in. 

Bottom  curb,  2  rings  of  angle-iron,  3J  by  3 J  by  \  in. 

18  vertical  truss  bars,  T-iron,  3i  by  3J  by  \  in. 
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9  coKinnnSt  22  ft.  long  each,  14  in.  diam.  at  base,  i 
4  holding'-down  bolls,  8  ft.  long,  ij  in.  diam. 
Inlet  and  outlet  pipes,  16  in.  diam. 


in.  at  top. 


Sin^h'  Gashoidcf, 

Diameter,  100  ft.     Depth,  20  ft. 
Rise  of  crown,  5  ft. 

2  crown  plates,  5  ft.  diam.,  g  in.  thick. 
Roof  sheets,  inner  and  outer  circles,   No.   10  ;  the  remainder, 

No.  12  B.  wire  gauge,  except  carriage  sheets,  \  in.  thick. 
Side  sheets,   lop  and   bottom    tiers,    No.   g ;    the    remainder, 

No.  13  B.  wire  gauge. 
Rivets,  A  in.  diam.,  i  in.  apart,  centres. 


Centre  pipe  of  wrought-iron,  14  ft.  long,  34  in.  diam 

thick. 
18  main  and  18  secondary  bars. 
Top  curb,  2  rings  of  angle-iron,  4  by  4  by  y^  in. 
Bottom   curb,  2  rings  of  angle-iron,  4  by  4  by 

flat  bar  of  wrought-iron,  6  by  J  in. 
18  vertical  bars,  T-iron,  4  by  4  by  g  in. 
9  columns,  24  ft.  long,  24  in.  diam.  at  base,    18  in.  diam 

top,  I J  to  1  in.  metals. 
4  holding-down  bolts,  8  ft.  long,  ij  in.  diam. 
Inlet  and  outlet  pipes,  18  in.  diam. 


n.,  I'V  in.      I 
in.,  and  a 


Shiffie  Guslwlder. 

Diameter,  1 10  ft.     Depth,  26  ft. 
Rise  of  crown,  5  ft,  6  in. 
Crown  plates,  4  ft.  diam.  ;  J  in.  thick. 

Roof  sheets,  row  next  centre  and  outer  row  next  curb,  \  in. 
thick  ;  second   row   from  centre,  \   in.   thick  ;    and  second 


row   next   curb, 
wire  gauge. 
Side  sheets,  top  and  bottom  rows,  \ 


in.    thick  ;    the   remainder,  No.    12   B. 


each,  A  in.  thick 


and 


Rivets,   \  in 
the  ^  in. 
\\  in.  centres 
centres. 


s 

18 


in.  thick 
the  remainder,  No.  12  B. 
in.    plates,  |  in.    rivets, 


and  No.  12  B.  wire  gauge  sheets,  ,V 

\    in.   plates  and  curb,   \  in.   rivets,  a 


;   next  row  to 
wire  gauge. 
2  in.  centres  ; 
in,   rivets, 
in. 


CAS    l-:.\(-iN'i:i';i;^     Wi-    ma  \  V  .I'.IIS.  :.>ii:t 

Top  curb  uf  _'  ;tni,^lt'-ii'()ris,  3  by  4  by  J.  in. 
Bottom  curb  of  2  angle-irons,  4  by  4  by  i  in. 
^Vertical   stays,   14,  of  2   angle-irons  3  by  3  by  ^  in.,  and  a 

piece  of  timber  12  In.  by  4  in.  bolted  between, 
Oentre  pipe  of  ^  in.  plate,  2  ft.  diam. 
Jklain  rafters,  28,  of  T-iron  5  by  3  by  ^  in. 
furlins,  of  T-iron  3  by  4  by  J  in.,  and  remainder  of  angle-iron 

3  by  3  by  f  in. 
Struts,  3,  on  main  rafters  i^  and  1^  in.  diam. 
Tie-rod,  principal   ij  in.  diam.,  second  i^  in.  diam.,  and  third 

1  in.  diam. 

^^>lumns,  14,  of  cast-iron  i  ft.  6  in.  in  diam.  at  bottom,  i  ft. 

2  in.  at  top ;  metal  |  in.  at  bottom,  diminishing  to  g  in. 
thick  at  top. 

Holding-down  bolts,  4,  i^  in.  diam.,  20  ft.  long. 

-Lattice  girders,  14,  i  ft.  6  in.  deep,  of  two  frames  of  angle-iron, 

3  by  3  by  J  in.,  and  braces  2J  by  j  in.  riveted  between,  top 
and  bottom  of  girder  covered  with  a  plate  10  in.  wide  by 

2  in.  thick. 

Inlet  and  outlet  pipes,  20  in.  diam. 

Single  Gasholder. 

Di^mieter,  142  ft.     Depth,  55  ft. 

Roof,  without  trussing  or  framework. 

tioof  sheets,  first,  or  outside  circle,  3   ft.   long,   g  in.   thick  ; 
rivets,  |  in.  diam.,  2^  in.  apart,  centres.     Second  circle, 

3  ft.  long,  \  in.  thick;  rivets,  /^  in.  diam.,  2J  in.  apart, 
centres ;  centre  sheets,  forming  a  circle,  30  ft.  diam.,  \  in. 
thick,  butted  and  riveted  to  each  other  by  lapping  pieces, 
3J  in.  wide  ;  rivets,  /^  in.  diam.  ;  remainder  of  roof 
sheets,  5  ft.  long,  ^V  ^"-  (No.  7  B.  wire  gauge)  thick ; 
rivetSi  j  in.  diam.,  i^  in.  apart,  centres. 

Side  sheets,  top  and  bottom   tiers,  \   in.   thick  ;  rivets,  \  in. 

diam.,    i\    in.    apart,   centres.     Intervening    side    sheets, 

No.   10  B.  wire  gauge;  rivets,  |  in.  diam.,    i|  in.  apart, 

centres. 
I'op  curb,  a  circular  chamber   or   girder,    in   section   nearly 

rectangular;   outer  depth,    18   in.;   inner  depth,    19]  in.; 

width,  2  ft.  6  in.  ;  constructed  of  4  by  4  by  J  in.  angle-iron. 
»4 
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Bottom  curb,  formed  of  two  circles  of  |  in.  boiler  plates,  12  i*^ 

wide,  each  riveted  to  a  circle  of  angle-iron,  4  by  4  by  J  in  - 
32  vertical  stays,  three  sides  of  a   rectangtilar  figure,    12     *  "* 

wide,  10  in.  deep  ;  formed  of  four  angle-irons  3  by  3  by  5    '^■ 

and  \  in.  boilur-plate. 
16  columns  ;  diam.  at  base,  3  ft.  ;  at  top,  2  ft.  3  in.  ;  me 

j  in.  to  J  in.  thick. 
4  holdings-down  bolts,  10  ft.  long,  2^  in.  round-iron. 
InleL  and  outlet  pipes,  30  in.  diam. 

T^oo-lift  Telescopic  Gasholder, 

Diameter  of  outer  lift,  44!  ft.     Depth,  16  ft. 
Diameter  of  inner  lift,  43  ft.     Depth,  16  ft. 
Rise  of  crown,  i  ft.  9  in. 
Crown  plate,  3  ft.  6  in.  diam.,  §  in.  thick. 
Roof  sheets,    inner   and   outer  circles,    No.    u;  all    the 

No.    14   B.   wire  gauge. 
Side  sheets  in  both  lifts,  top  and  bottom  tiers,  No.  12  ;  ; 

rest  No.  16  H.  wire  gauge. 
Rivets  for  Nos.   12   and    14  sheets,   ^^  in.  diam.  ;  for  No. 

sheets,  \  in.  diam. 
Cup,   inner   lift,    formed    by   2    rings  of   2\    by   2J    by    ,\ 

angle-iron,  connected  together  with  No.  8  plates,  with  s 

of  No.    10  plate,  and  a  ring  ij   by  J  in.  half-round  irt 

riveted  round. 
Grip,  outer  lift,  the  counterpart  of  the  cup  inverted. 
Main-bearing  bars,  T-iron,  3  by  3  by  \  in. 
Secondary  bearing  bars,  T-iron,  3  by  3  by  ^  in. 
6  vertical  bars,  inner  lift,  T-iron,  z\  by  j^  by  jj  in. 
6  vertical  bars,  outer  lift,  T-iron,  2J  by  i^  by  ^  in. 
Bottom  curb,  angle-iron,  double,  3  by  3  by  |  in. 
6  columns,  \i  in.  diam.  at  base,  10  in.  at  top;  metal,  i  in. 

\  ill.  thick. 
Inlet  and  outlet  pipes,  10  in.  diam. 

Tico-lift  Telescopic  Gasholder, 
Diameter,  outer  lift,  87  ft.     Depth,  20  ft. 
Diameter,  inner  litt,  85  It.     Depth,  20J  It. 
Rise  of  crown,  4  ft. 
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2  crown  plates,  4  ft.  diam.,  |  in.  thick. 

Roof  sheets,  inner  and  outer  circles,  No.  12;  the  rest,  No.  14 
B.  wire  gauge,  except  9  sheets  upon  which  the  carriages 
are  fixed,  No.  7  B.  wire  gauge. 

Side  sheets,  top  and  bottom  tiers,  both  lifts,  No.  12;  all  the 
rest,  No.  14  B.  wire  gauge. 

Rivets,  YS  ^^'  diam.,  i  in.  apart,  centres. 

Hydraulic  cup  and  dip,  7  in.  wide,  16  in.  deep. 

Centre  pipe  of  wrought-iron,  12  ft.  long,  12  in.  diam. 

Truss  cup,  wrought-iron,  3  ft.  diam.,  |  in.  thick. 

18  main  bars,  T-iron,  4  by  3  by  ^  in. 

18  secondary  bars,  T-iron,  3  by  3  by  J  in. 

9  rings  or  purlins  of  bracket  bars,  the  middle  purlin  of  angle- 
iron,  3J  by  3J  by  J  in.,  the  remainder  of  flat-iron,  2  by^  in., 
secured  to  main  and  secondary  bars  with  J  in.  bolts. 

18  principal  tension  rods,  i^  in.  diam. 

36  diagonal  tension  rods,  |  in.  diam. 

36  truss  bars  ;  18  of  i^  in.  diam.,  18  of  i  j  in.  diam. 

Bottom  curb,  2  rings  of  angle-iron,  3J  by  3 J  by  J  in. 

18  vertical  truss  bars,  T-iron,  3J  by  3J  by  -J-  in, 

9  columns,  41  ft.  long,  30  in.  diam.  at  base,  20  in.  at  top,  i|  to 
2  in.  metal,  cast  in  4  lengths. 

4  holding-down  bolts,  8  ft.  long,  i  J  in.  diam. 

Inlet  and  outlet  pipes,  18  in.  diam. 

Ttoo-lift  Telescopic  Gasholder, 

■  ameter,  outer  lift,  100  ft.     Depth,  22  ft. 
iameter,  inner  lift,  98  ft.     Depth,  22  ft. 

Roof  sheets,  No.  1 1  B.  wire  gauge. 

Side  sheets,  top  tier,  to  be  No.  11  ;  all  the  others,  No.  12  B. 
wire  gauge. 

Rivets,  \  in.  diam. ,  i  in.  apart,  centres. 

Hydraulic  joint,  8  in.  wide,  15  in.  deep.  No.  10  B.  wire  gauge ; 
top  edge  of  cup  and  bottom  edge  of  dip  bound  by  half-round- 
iron  2  by  I  in.  thick. 

Bottom  curb,  angle-iron,  4  by  i  in.  at  the  root,  and  ring  of  bar- 
iron  4  by  I  in. 

12  columns,  24  in.  diam.  at  base,  16  in.  at  top;  metal,  i|  to 
I  in.  thick. 
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Bottom  curb,  formed  of  two  circles  of  |  in.  boiler  plates,  12  iff 

wide»  each  riveted  to  a  circle  of  angle-iron,  4  by  4  by  J  in. 
3 J  vertical  stays,  three  sides  of  a   rectangfular  figure,    12  in. 

vvide»  10  in.  deep  ;  formed  of  four  ang"Ic-irons  3  by  3  by  \  in. 

and  \  in.  boiler-plate. 
16  columns;  diam.  at  base,  3  ft.  ;  at  lop,  2  ft.  3  in.  ;  metal, 

\  in.  to  if  in.  thick. 
4  holding-down  bolts,  10  ft.  lon^,  2^  in.  round-iron. 
Inlet  and  outlet  pipes,  30  in.  diam. 

Two-lift  Telescopic  Gasholder, 

Diameter  of  outer  lift,  44J  ft.      Depth,  16  ft. 
Diameter  of  inner  lift,  43  ft.      Depth,  16  ft. 
Rise  of  crown,  1  ft.  9  in. 
Crown  plate,  3  ft.  0  in.  diam.,  |  in.  thick. 
Roof  sheets,   inner  and   outer  circles,    No.    ij;  all    the    rest. 

No.    14  B.   w'ire  gauge. 
Side  sheets  in  both  lifts,  top  and  bottom  tiers,  No.  12  ;  all  ihe 

rest  No.  16  B.  wire  gauge. 
Rivets   for  Nos.   12   and    14  sheets,    /^  in.  diam.  ;  for   No.   16 

sheets,  \  in.  diam. 
Cup,    inner   lift,    formed    by   2    rings  of   jj    by   2^    by   ^^  in. 

angle-iron,  connected  together  with  No.  8  plates,  with  side 

of  No.    10  plate,   and  a  ring   \{   by  J  in.   half-round    iron, 

riveted  round. 
Grip,  outer  lift,  the  counterpart  of  the  cup  inverted. 
Main-bearing  bars,  T-iron,  3  by  3  by  J  in. 
Secondary  bearing  bars,  T-iron,  3  by  3  by  J  in. 
6  vertical  bars,  inner  lift,  T-iron,  2J  by  sj  by  \  in. 
6  vertical  bars,  outer  lift,  T-iron,  2 J  by  i^  by  g  in. 
Bottom  curb,  angle-iron,  double,  3  by  3  by  J  in. 
6  columns,  12  in.  diam,  at  base,  10  in.  at  top;  metal,  \  in.  lo 

j  in.  thick. 
Inlet  and  outlet  pipes,  10  in.  diam. 

TuHt-liJ't  Telescopic  Gasholder. 

diameter,  outer  lift,  87  ft.     Depth,  20  ft. 
Diameter,  inner  lift,  85  ft.     Depth,  20J  ft. 
Rise  of  crown,  4  ft. 
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3  by  3  by  }  in.  riveted  on  each  side  to  a  web-plate  9  in. 
wide  and  .[  in.  thick  ;  the  rrmaining  14  being  of  T-iron  5  by 
3J  in.  trussed  with  three  struts  and  a  tie-rod.  Outer  lift 
has  28  vertica!  stays  of  J  in.  guard-iron  5  in.  wide,  against 
which  the  guide  pieces  on  the  cup  slide. 

Centre  column,  17  ft.  6  in.  long  and  2  ft.  diam.  of  wroughl-iron 
plates  I  in.  thick,  J  in.  rivets,  jj  in.  pitch  ;  this  is  secured 
to  the  under  crown  plate,  which  is  4  ft.  in  diam.,  by  a  ring 
of  angle-iron  5  by  4  by  ^  in.  and  J  in.  rivets ;  at  the  lower 
end  of  the  column  arc  2  rings  of  angle-iron,  5  by  4  by  jf  in., 
placed  3J  in.  apart  to  form  a  jaw  to  receive  ends  of  tension 
rods. 

Main  rafters,  14,  of  T-iron,  4  by  5  by  J  in.,  trussed  with  6 
wrought-iron  struts  i\,  1^,  and  1.^  in.  diam.,  and  a  ih  in. 
diam.  tension  rod.  14  main  tie-rods  of  ij  in.  round-iron, 
extending  from  curb  to  bottom  of  centre  column,  and 
suspended  in  two  places  from  the  main  rafters  with  J  in. 
round  rods  ;  the  main  lie-rods  and  the  tension  rods  have 
each  a  wrought-iron  coupling  box  with  right  and  left  hand 
threads. 

Secondary  rafters,  14,  T-iroa,  3  by  5  by  J  in.,  trussed  as  above, 
with  four  struts  t\  and  ij  in.  diam.,  tension  rod  i^  in. 
diam.  with  coupling  box.  These  rafters  extend  from  curb 
to  within  21  ft.  of  the  centre  of  holder,  the  inner  ends  being 
secured  to  a  main  brace  bar  or  purlin. 

Purlins,  7  rows  between  side  and  centre.  The  main  purlin 
mentioned  above  is  4J  by  4^  by  ^\  in.  ;  the  one  next  curb, 

4  by  3  by  J  in.  ;  and  the  remainder,  3  by  3  by  J  in.,  all  of 
T-iron. 

Columns,  14,  of  cast-iron,  2  ft.  6  in.  diam.  at  bottom,  2  ft.  at 
lop,  and  55  ft.  8  in.  high,  surmounted  with  a  large  ball 
30  in.  diam.,  with  spiked  finiat. 

Girders,  2  rows,  each  2  ft.  deep  and  10  in.  wide,  of  4  angle- 
irons  3  by  3  by  J  in.,  with  plate  10  by  I  in.  top  and  bottom  ; 
diagonal  braces  3  by  J 
a  cast-irnn  spiked  ball 
spikes, 
lolding-down  bolts,  4,  2  in.  diam.,  11  ft.  6  in.  long. 

Inlet  and  outlet  pipes,  24  in.  diam. 


in.,  at  the  intersection  of  which  is 
in  two  halves.    17  in.  diam.  across 
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TwO'ilft  Telexcopk  GasJiolder, 

Diameter,  outer  lift,  ijo  ft.      Depth,  24  ft. 
Diameter,  inner  lift,  118  ft.     Depth,  24  ft. 

Rise  of  crown,  6  ft. 

Roof,   untrussed,    resting"  when   down    nn   timber   framing 
tank. 

Roof  sheets,  first  or  outside  rows,  \  in.  thick  ;  second  roW« 
\  in.  ;  third  row,  y^  in.  ;  fourth  row,  No.  8  B.  wire  gauge  X 
crown  plates^  \  in.  thick  and  6  ft.  in  dlam.  ;  inside  rows 
next  crown  plate,  ,"a  in.  ;  next,  No.  8  B.  wire  gauge  ;  and 
the  remaining  10  rows  of  intermediate  sheets,  No.  11  B- 
wire  gauge. 

Side  sheets,  inner  lift,  12  courses  high  ;  top  and  bottom  course, 
\  in.  thick  ;  second  course  at  top,  /;,  in.  ;  and  the  remainder. 
No.  12  B.  wire  gauge. 

Side  sheets,  outer  lift,  u  courses  high  :  top  and  bottom  course, 
I  in.  thick  ;  second  course  at  bottom,  f'*^  in.  ;  and  the 
remainder,  No.  1.2  B.  wire  gauge.  The  thicker  sheets  in 
both  inner  and  outer  lift,  riveted  together  with  3  in.  rivets, 
\\  in.  apart,  centres,  and  the  others  with  ^  in.  rivets,  i  J  in, 
apart,  centres. 

Top  curb,  of  2.  angle-irons,  one  at  junction  of  roof  with  side 
sheets,  5  by  5  by  §  in.,  and  the  other  at  the  inner  edge  of 
outer  row  of  sheets,  4  by  4  by  ^  in.  ;  the  two  stiffened  by 
gusset-pieces  springing  from  the  vertical  stays. 

Bottom  curb,  of  two  5  by  4  by  \  in.  ;  angle-irons,  riveted  to  the 
outside  of  the  lower  row  of  sheets,  with  ^  in.  rivets,  6  in. 
apart.  Between  these  two  curbs,  which  are  placed  2  in. 
apart,  are  fixed  the  28  guide  carriages  and  rollers. 

Cup  and  grip  formed  of  rolled  channel-iron  8  by  3J  by  \  in. 
riveted  to  the  side  sheets  and  rising  and  dip  plates,  with 
\  in.  rivets  4  in.  apart.  A  half-round  bead  ^  by  \  in.  being 
riveted  to  edge  of  rising  plates,  which  are  \  in.  thick  and 
18  in.  deep. 

Vertical  stays,  28,  formed  of  two  4  by  4  by  J  in.  angle-irons 
and  a  web-plate  between,  jj  in.  thick  and  9  in.  wide,  secured 
with  J  in,  rivets,  6  in.  apart  ;  at  the  upper  end  of  these  is 
attached  a  gusset-plate  with  angle-iron   edges  3   by  3 


;   is        1 

by      J 
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I  in.,  exlendinfj  to  the  inner  angle-iron  curb  of  roof,  to 
which  and  the  outer  curb  it  is  riveted. 

Standards,  14,  in  the  form  of  the  letter  T,  4  ft.  2  in.  by  3  ft.  at 
bottom,  tapering  to  1  ft.  9  in.  each  way  at  the  top  ;  each 
standard  51  ft.  high.  Between  the  angle-iron  framework 
of  the  standards  is  cast-iron  trellis  work,  i  in.  thick,  on 
one  of  its  sides^  and  wroughl-iron  lattice  work  on  the  other  ; 
the  standards  are  secured  to  cast-iron  hollow  base-plates 
6  in.  deep;  4  holding-down  bolts  to  each  standard,  11  ft.  Sin. 
long,  2\  in.  diam. 

Lattice  girders,  2  rows  in  the  height  ;  first  or  lower  row, 
27  in.  deep  ;  top  row,  30  in.  deep  ;  formed  of  4  angle-irons, 
3  by  3  by  4  in.,  wrought-irou  tension  bars,  3  by  J  in.,  and 
cast-iron  struts. 

Inlet  and  outlet  pipes,  24  in.  diam. 

Two-lift  Telescopic  Gasholder. 

IJiameter,  outer  lift,  151  ft.  6  in.     Depth,  40  ft. 
t>iameter,  inner  lift,  149  ft.     Depth,  40  ft.  3  in. 

Crown,  trussed,  rise  8  ft. 
_      Roof  sheets,    outer   row,    (\  in.  ;    next   row,   ^\   in.  ;  and    the 

remainder  No.   10  B.  wire  gauge^  two  centre  plates  }  in. 

thick  and  4  ft.  6  in.  diam. 
Side  sheets,  top  and  bottom  rows  in  both  lifts  \  in.  thick,  the 

remainder  No.  11  B.  wire  gauge,  J  in.  rivets,  i  in.  centre; 

cup  and  grip  10  in.  wide  and  20  in.  deep,  Piggott's  form  ; 

plates  I  in.  thick,  strengthened  at  edges  with  bead-iron. 
Top  curb,  of  2  rings  of  angle-iron,  5  by  5  by  J  in.,  placed  one 

above   the   other  ;   the  lower  one  is  secured   to   a  flat  bar 

10  in.   wide  and   ^  in.  thick,  which  is  again  connected  by 

straps  4  in.  wide  and  J  in.  thick  to  the  top  row  of  sheets. 
Bottom  curb,  of  2  rings  of  angle-iron,  5  by  4  by  \  in.,  riveted  to 

the  outside  of  the  bottom  row  of  sheets  with  J  in.  rivets. 

Between  these  two  rings  are  fixed  the  bottom  guide  roller 

carriages. 
V'ertical  stays,  32  in  top  lift  of  H-iron  12  in.  deep,  and  32  in 

bottom  lift,  of  channel-iron  8  by  2^  by  J  in.,  attached  to 

sheets,  cups,  and  curbs  with  g  in.  bolts  in  upper  lift,  and 

f  in.  screwed  pins  in  lower  lift. 
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Centre  column,  i,  ft.  f*  in.  diam.,  22  ft.  long,  of  plates  ygtn. 
lliick. 

Roof  framing',  24  main  radial  T-iron  bars  6  by  4  by  J  in.  curved 
to  roof,  each  with  a  main  tension  rod  2  in.  in  diam.  at 
curb,  and  reduced  to  i  J  in.  at  the  foot  of  centre  column, 
and  havinj^"  a  coupling  box  with  rig^ht  and  left  hand  threads, 
4  struts  and  4  tension  rods  form  the  bracing  to  each  main 
bar,  the  former  of  cross-iron  4  by  4J  by  J  in.  placed  ver- 
tically, and  the  latter  of  1,  i|,  ij,  and  t'j  in,  round-iron 
placed  diag-onalty,  the  strongest  section  being  nearest  the 
centre  column  ;  48  secondary  radial  bars  of  4  by  J  in.  flat- 
iron,  that  is,  2  equidistant  between  the  main  radial  bars, 
and  extending  from  lop  curb  towards  centre,  a  distance  of 
26  ft.,  and  then  for  a  further  distance  of  16  ft.,  in  direction 
of  the  centre,  another  bar  of  the  same  dimensions  is  fixed. 
17  rings  or  rows  of  purlins,  divided  equally  from  curb  to 
centre,  are  fixed  between  main  and  secondary  bars  ;  the 
first  row  from  centre  being  of  6  by  J  in.  flat-iron  ;  next  4 
rows  of  angle-iron,  t  J  by  ij  by  |  in.  ;  next  row  of  angle- 
iron,  2  by  2  by  \  in.  ;  next  row  of  T-iron,  3  by  6  by  J  in.  ; 
next  two  rows,  which  are  subdivided  in  length  by  the 
secondary  radial  bars  above  mentioned,  are  of  angle-iron  ij 
by  ij  by  }  in.  ;  next  row  extending  from  main  bar  to  main 
bar  is  of  l-iron  3  by  6  by  J  in.  ;  next  two  rows  are  divided 
in  3  lengths  between  main  bars  by  the  two  secondary  bars, 
and  are  of  1  h  by  J^  by  J  in.  angle-iron  ;  next  row  extending 
from  main  to  main  is  of  T-iron,  4  by  6  by  J  in.  ;  next  row 
divided  in  3  lengths  as  before  of  r  J  by  1 J  by  J  in.  angle- 
iron,  and  the  remaining  two  rows  divided  in  3  as  before  of 

2  by  2  by  I  in.  angle-iron  ;  3  bars  of  flat-iron  2J  by  J  in. 
cross  diagonally  in  each  bay  formed  by  the  two  main  bars. 

Columns,  16,  of  cast-iron,  83  ft.  high,  3  ft.  in  diam.  at  base^ 
and  2  ft.  8  in.  at  top,  metal  1  in.  thick  ;  cast-iron  channel 
guide  up  the  column,  5  by  3  in.  inside  measure,  weighing 
56  lbs.  per  foot. 

Girders,  16,  at  top  4  ft.  deep,  7  in.  wide,  of  4  angle-irons  3  by 

3  by  5  in.  and  a  lop  and  bottom  plate  7  in.  wide  by  J  In. 
thick  ;  diagonal  brace  bars  4  by  J;  in.  ;  16  intermediate 
girders  3  ft.  6  in.  deep,  Ct  In.  wide,  of  4  angle-irons  2J  by  2 J 
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by  ?  in.,  and  top  and  bottom  plfites  fi  in.  wide  by  ^  in. 
thick  ;  diagonal  brace  bars  3  by  jj  in.  ;  at  the  intersection  of 
the  brace  bars  a  cast-iron  star  12  in.  in  diam.  is  riveted. 

Holding-down  bolts,  4,  2  in.  square  and  14  ft.  long. 

Capacity,  1,400,000  cub.  ft. 

Inlet  and  outlet  pipes,  30  in,  diam. 


T'soO'tift  Telescopic  Gas/ioldcr, 

Diameter,  outer  lift,  197  ft.  6  in.     Depth,  36  ft. 
Diameter,  inner  lift,  195  ft.     Depth,  36  ft. 

Crown,  untrussed,  rise  10  ft. 

Roof  sheets,  centre  plate  \  in.  tliick,  6  ft.  diam.  ;  row  next 
centre  of  No.  7  B.  wire  gauge  ;  row  next  curb,  \  in.  thick  ; 
next  row,  -jV  in.  thick  ;  third  row,  No.  7  B.  wire  gauge; 
and  the  remaining  rows  of  No.  1 1  B.  wire  gauge. 

Side  sheets,  of  inner  lift  in  18  rows  ;  top  row,  ^  in.  ;  bottom 
row  forming  cup,  J  '"■  I  second  row  from  top  and  bottom 
J  in,  ;  third  row  from  top  and  bottom  of  No,  7  B.  wire 
gauge  ;  and  the  \2  intermediate  rows  of  sheets  of  No.  11 
B,  wire  gauge  in  thickness.  Those  uf  outer  lift  in  18  rows  ; 
top  row  forming  cup,  \  in.  ;  bottom  row,  /;,  in.  ;  second 
from  lop.  No.  9  B.  wire  gauge  ;  second  from  bottom, 
-i\  in. ;  third  from  bottom,  No.  9  B.  wire  gauge  ;  and  the  13 
intermediate  rows  of  No.  1 1  B.  wire  gauge  in  thickness. 

Cup  and  grip,  10  in.  wide,  18  in.  deep,  of  channel-iron,  10  by 
3J  by  i  in.,  rising  and  dip  plates,  J  in.  thick,  with  2^  by 
\  in.  bead  riveted  to  edges. 

Top  curb,  of  2  angle-iron  rings  ;  outer  one,  6  by  6  by  J  in.  ; 
inner  one,  5  by  5  by  ^  in.,  both  double  riveted  to  top  and 
side  sheets,  with  jf  in.  rivets,  2  in.  apart,  centre  to  centre. 

Bottom  curb,  of  2  angle-iron  rings,  6  by  5  by  |  in,,  riveted  to 
side  sheets,  with  ^  in.  rivets,  6  in.  apart. 

Vertical  stays,  44,  in  upper  lift  of  H-iron,  8  by  5  by  5  by  iV  ^"-i 
secured  to  top  and  bottom  rows  of  sheets  and  the  outer 
angle-iron  curb,  but  not  to  the  intermediate  sheets,  except 
just  at  the  centre,  where  there  are  two  clips,  6  in.  wide  by 
^^  in.  thick,  to  which  the  sheet  is  riveted.  Gusset  pieces, 
44,  of  2  angle-iron  frames,  2J  by  2J  by  g  in.,  riveted  to  a 
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,V  in.  web-plate  placed  between  them  and  riveted  logeth^*"' 

and  to  the  vertical  stays,  outer  row  of  lop  sheets,  and  ini»^^ 
angle-iron  curb  with  §  in.  rivets,  4  in.  pitch.     Vertical  sia^** 
in  lower  or  outer  lift,  44,  of  channel-iron,  8  by  2J  by  ^  ir»  -• 
riveted  to  bottom  curb,  and  to  the  sheets  half-way  up,  w'*- 
four   3   in.   rivets,  countersunk  heads   in  the  channel,  a** 
bolted  to  the  channel-iron  of  trrip  with  two  I  in.  bolts. 

Guide  wheels,  22,  at  top  lift  of  malleable  cast-iron,  24  ii^  ' 
diameter,  with  steel  axles  or  pins,  mounted  on  wrough*^  '^ 
iron  carriages,  44  fixed  under  cup  of  upper  lift,  22  on  gri^  ^ 
and  44  on  bottom  curb  of  outer  lift,  all  of  malleable  cast-'^ 
iron»  having  steel  pins  and  wrought-iron  carriages. 

Columns,  22,  of  cast-iron,  3  ft.  diam.  at  bottom,  and  2  ft.  6  in* 
at  top,  mounted  on  ornamental  base  4  ft.  square  and  q  ft. 
9  in.  high  ;  two  entablatures  and  ornamental  cap  ;  4  holding- 
down  bolts  to  each  column,  2\  in.  diam. 

Girders,  upper  tier,  3  ft.  6  in.  deep  ;  lower  tier,  3  ft.  deep,  of 
two  frames  of  angle-iron,  4  by  4  by  ^v  in.,  with  lattice  bars 
4  by  \  in.  riveted  between  them  ;  the  top,  bottom,  and  ends 
of  girders  covered  with  a  \  in.  plate  9  in.  wide  ;  rivets, 
}  in. ,  4  in.  apart,  centres  ;  at  the  intersection  of  the  diagonal 
braces  with  each  other  are  fixed  plates,  12  in.  diam.  and 
I  in.  thick. 

Quality  of  iron»  plate,  angle,  and  T-iron  of  best  South  Stafford- 
shire brands,  the  channel  and  H-iron  of  the  best  Belgian  ; 
the  sheets  of  the  very  best  South  Staffordshire,  equal  to 
B.  B.  H.  best. 

Rivets,  all  sizes,  of  the  best  soft  charcoal-iron.  Those  for  the 
No.  II  B.  wire  gauge  sheets,  of  No.  3  B.  wire  gauge  in 
diam.  and  i  in.  pitch  ;  and  those  for  No.  7  B.  wire  gauge 
sheets,  with  \  in.  rivets,  1}  in.  apart,  centres. 

Capacity,  2  million  cub.  ft. 

Inlet  and  outlet  pipes,  30  in.  diam. 
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TiDO'ii/t  Telescopic  Gasholder. 

Diameter,  outer  lift,  200  ft,     Depth,  25  ft.  3  in. 

Diameter,  inner  lift,  198  ft.     Depth,  25  ft.  9  in. 

Roof,  untrusseu,  and  Hat. 
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diam.  at  bottom,  and    2  ft. 
in.  thick  at  bottom  and  1  in. 


Roof  sheets,  centre  plate,  J  in.;  row  next  centre  plate,  }  in.  ; 

next  row,  J  in.  ;  outer  row  next  curb.  J   in,  ;  second  row, 

I  in.  :  and  the  whole  of  the  remaining  rows,  ^  in.  thick. 
Side  sheets,  outer  lift,  bottom  row,  ]  in.  ;  next,  i^Jr  in.  ;   top 

row,  Y9  *"•  I  intermediate  rows  all  J  in.  thick  ;   inner  lift, 

bottom  and  top  rows,  ,*i,  in.  thick  ;  remainder,  \  in.  thick. 
Top  curb  is  a  box  girder  3  ft.  by  2  ft.  of  J  in.  plates  and  4J 

^y  4i    t»y  i  '"•  angle-irons  in  the  inside   corners,  riveted 

together. 
Bottom  curb,  of  2  angle-irons,  4J  by  4J  by  J  in.  riveted  to  a 

I  in.  plate  8  in.  wide  ;  the  whole  riveted  to  the  lower  sheet 

of  holder. 
Cup  and  grip   formed   of  channel-iron   8  by  3   by  3  by  J   in. 

thick  ;  rising  and  dip  plates  jj  in.  thick  and  15  in.  deep  ;  a 

I J  in.    half- round -iron  bead  is  riveted  to  edge  of  rising 

plate. 
Columns,   28,  52   ft.   long,  3    ft 

4  in.  diam.  at   top  ;  metal   ij 

at  top. 
Capacity,  1^  million  cub.  ft. 
Inlet  and  outlet  pipes,  30  in.  diam. 

Three-lift  Telescopic  GashoUler. 

imcter,  outer  lift,  214  ft.     Depth,  53  ft. 
iftjTieter,  middle  lift,  211  ft.     Depth,  S3  f^*  3  '"• 

meter,  inner  lift,  208  ft.     Depth,  53  ft.  6  in. 

Rise  of  crown,  14  ft. 

Roof,  untrussed. 

Roof  sheets,  outer  row  forming  part  of  curb,  \  in.  thick  of 
steel  plates  3  ft.  wide  ;  next  row,  No.  7  B.  wire  gauge  ; 
then  another  row  of  No.  t>  B.  wire  gauge  ;  the  remainder 
being  all  of  No.  10  B.  wire  gauge  ;  these  latter  riveted 
with  /ff  in.  rivets,  i  in.  pitch  ;  the  No.  7  B.  wire  gauge 
sheets  riveted  to  the  \  in.  steel  curb  plate  by  \  in.  rivets, 
2^  in.  pitch. 

Side  sheets  of  No.  1 1  B.  wire  gauge,  secured  to  each  other 
with  /j  in.  rivets,  i  in.  pitch;  lap  of  sheets,  \\  in.;  the 
bottom  and  top  rows  of  sheets  in  outer  lift  arc  \  and  y'V  tiu 
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thick  respectively ;  in  the  middle  lift  ^\  in.  and  in  the  top 
lift  ,**rt  ^'^^  {  '"•  respectively,  being  riveted  to  the  other 
shcetinj^j'  with  jj  in.  rivets,  ij  in,  pitch,  i§  in.  lap.  Pigg-olt's 
cup  and  dip,  the  former  of  y^  in.  plate,  and  the  latter  of 
3  in.  plate,  secured  to  adjoining"  sheets  with  J  in.  rivets. 
ij  in.  pitch,  2  in.  Inp  ;  cup  and  dip  12  in.  wide  and  21  in. 
deep  ;  edg;e  of  cup  and  dip  stiffL-ned  by  a  2J  by  §  in.  flat- 
iron. 

Top  curb,  formed  by  two  J  in.  steel  plates,  one  forming"  the 
outer  row  of  sheets  on  the  crown  being"  36  in.  wide,  the 
other  formings  top  row  of  sheets  on  the  side  12  in.  wide; 
these  are  joined  Log-elher  at  the  an|^le  with  a  5  by  5  by  |  in. 
angle-steel  curb,  and  further  stiffened  at  the  inner  edge  of 
the  crown  plate  with  a  6  by  3  by  J  in.  angle-steel,  all 
riveted  together  with  J  in.  and  i  in.  steel  rivets,  4  in. 
pilch. 

Bottom  curb,  formed  by  a  plate  ^  in.  thick  and  15  in.  wide, 
secured  at  right  angles  to  the  lower  rows  of  sheets  to  a 
6  by  3  by  |  in.  angle-iron  with  j  in.  rivets,  5J  in.  pitch  ; 
another  angle-iron  of  the  same  dimensions  being  placed 
I  ft.  5  in.  higher,  forming  a  space  in  which  are  fixed  the 
bottom  roller  carriages. 

Vertical  stays,  48,  on  lower  and  middle  lifts  are  made  of  No. 
10  B.  wire  gauge  sheets  bent  in  the  form  thus  _Si^  8  by 
4 J  in.,  riveted  to  the  outside  of  the  sheets,  and  on  the 
inside  opposite  these  are  8  by  3J  by  J  in.  channel-irons, 
placed  between  two  4  by  3  by  J  in.  angle-irons,  which  are 
riveted  through  the  sheets  to  the  outside  stays.  The  top 
or  inner  lift  is  stiffened  by  No.  8  B.  wire  gauge  sheets  of 
the  same  form  as  above,  but  12  by  9  in.,  placed  inside 
only. 

Standards,  24,  in  the  form  of  the  letter  H,  20  by  16  in.  and 
158  ft.  6  in.  high  above  coping  of  tank,  of  wrought-iron 
formed  of  four  3  by  3  by  jj  in.  angle-irons,  J  in.  web-plate, 
and  J  in.  inside  and  ouistdf*  plates,  having  5  tiers  of  struts 
from  standard  to  standard,  and  10  sets  of  diagonal  braces. 
Two  channel-irons  8  by  3  by  ^  in.,  riveted  to  each  other  I 
back  to  back  and  to  the  standards,  form  the  guides  upon 
which  the  radial  and  tangential  rollers  work  ;  the  bottoms 
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standards  are  fastened  to  trianjjular-shaped  cast-iron  base- 
plates, each  secured  to  the  tank  with  three  jj  in.  bolls. 

Capacity,  5^  million  cub.  ft. 

Inlet  and  outlet  pipes,  36  in.  diam. 
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THE  GOVERNOR. 

An  unnecessarily  high  pressure  of  gas  in  the  mains  and  service 
pipes  is  synonymous  with  a  heavy  leakage  account.  Ordinary 
V£i.Ives  are  powerless  to  elTcct  the  desired  pressure  regulation, 
Hoxvever  well  they  may  be  attended  to.  No  gas-works,  therefore, 
■\*'hate.ver  its  size,  should  be  without  a  station  governor  to  control 
the  initial  pressure.  When  properly  con- 
structed, it  accomplishes  this  important 
object  perfectly,  however  much  the  con- 
sumption on  the  one  side  and  the  density 
or  the  gas  on  the  other  may  vary. 

The  construction  of  the  governor  is 
of  the  most  simple  character,  consistinj^^ 
of  a  small  cast-iron  waicr-iarik,  ihrough 
the  botton  of  which  the  gas  from  the 
eg-ular  holder  enters,  and  makes  its  exit 
'^y  means  of  a  stand-pipe  rising  above 
^e  water-level.  This  pipe  may  be  either 
*»^nular  or  rectangular  in  form.  Jn  the 
'ormer  case  the  gas  t;nters  by  way  of 
'He  central  opening,  and  makes  its  exit 
**>'  the  annular  space,  fn  the  latter  arrangement  the  pipe  is 
^'vided  into  two  by  a  mid-fuather,  one  division  being  (he  inlet 
*^d  the  other  the  outlet  for  the  gas  ;  the  inlet  division  of  the 
P*pc  occupying  the  central  position  in  the  tank.  Within  the 
*^nk  is  a  floating  bell  or  gasholder  made  of  tinned  shecl-Jron, 
'*"Om  the  crown  of  which  a  conical  or  parabolic  shaped  valve  is 
'^^spended  by  an  eye-bolt.  It  is  the  raising  and  lowering  of  this 
^alve  within  the  inlet  gas  aperture,  by  reason  of  the  gas  exerting 
*  pressure  of  greater  or  less  force  (according  us  the  consumption 
^Hries)  on  the  inner  surface  of  the  Moating  bell,  tliat  accomplishes 
the  necessary  regulation. 

The  holder  may  be  balanced  nr  buoyed  up  either  bv  means  of 


l*u;.  113. 


222 


NEWBIGGING'S   HANDBOOK    FOR 


fe 


an  air  chamber  within  itself,  placed  round  its  lower  curb  (Fig.  1 1+"^» 
and  consequently  immersed  in  the  water  of  the  tank,  or  by  chair*  ^ 
secured  to  its  crown  outside  (Fig.  113)*  passing  over  one  or  tw^^ 
pulleys  and  lerminatinfr  in  a  rod  carrying  the  required  balanc^^ 
weights,  the  needed  pressure  being"  obtained  by  placing  cast-iroi — ^ 
or  lead  weights  on  the  crown  of  the  holder  ;  or  it  may  be  weighle(^^ 
with  water  allowed  to  flow  from  a  feed-pipe  into  a  tank  formetf  -* 

by  continuing  the  sides  of  the  holder  I 
a  few  inches  above  the  crown.  The  | 
method  of  weighting  by  water  is  pre- 
ferable to  the  other^  as  the  pressure 
can  be  applied  or  removed  in  a  more 
gradual  manner,  the  opening  in  the 
s  upply  and  di  scharge  taps  being 
regulated  as  desired.  t 

The  conical  valve  for  increasing  or     ■ 
"1/^   diminishing  the  area  of  the  gas  aper-     j 
turo  has  generally  given  place  to  that     ' 
in  the  form  of  a  parabola;  the  latter 
requiring     a    shorter    range    to    pro-     i 
duce  llie   necessary  effect,   and  being     [ 
Jl^^H-^l  ^^^^L      more  delicate  and  certain  in  its  action.      ' 
^  1^         The  parabola  should  be  made  twice  its     ' 

/         1  I  ]|"h( U I   I  ciinmcter    in     length,    and    of   weight 

1/^    k^HMIiHp^^-J      sulVicient  to  resist,  without  oscillation 
^^^   ^^  ii^B/  (jj.   blinking,   whatever   pressure   may 

be  exerted  against  it  by  the  inflowing     I 
g;is.      With    the    like    object    it     was 
formerly  necessary  to  make  the  float- 
ing  bell   with   an   area   twenty   times 
greater  than  the  area  of  the  base  of  the     { 
valve  ;  but  with  the  improvements  effected  in  governors   this  is 
not  now  required,  and  much  less  space  is  now  occupied  by  the     ' 
apparatus.  1 

Serious  accidents  have  arisen  from  the  escape  of  gas  by  the 
tilting  of  the  floating  bell  ;  and,  to  obviate  this  danger,  improve- 
ments have  been  introduced  in  ihe  construction  of  governors.  j 
The  governor  of  J,  &  J.   Braddock  (Fig.    113  »n  section)  will     i 
show  what  has  been  done  in  this  direction.     The  gas  enters  from     T 
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:ibo\*e  the  valve  chamber.  Over  the  valve,  and  of  the  same  area 
as  ils  base,  is  a  compensating  chamber  within  the  bell»  which  is 
supplied  with  g-as  through  a  small  pipe  enclosing  the  valve  rod, 
so  placing  the  bell  and  valve  in  equilibrium.  The  bell  is  actuated 
bv  the  outlet  pressure,  through  a  small  pipe  attached  to  the  outlet 
branch.  It  will  thus  be  seen  that  if  by  accident  the  bell  were 
tilted  or  rentf   the  quantity  of  gas  escaping  would   be  limited  to 


^hat  which   would   be  discharged    through   the   two  small   pipes 
*"eferred  to, 

Mr.  F.  VV.  Hartley  introduced  a  safety  and  regulating  plate 
ever  the  valve  to  effect  the  same  object,  and  obtained  compensa- 
tion by  means  of  a  small  lank  and  holder  placed  alongside  the 
governor,  the  holder  being  suspended  from  the  chain  carrying  the 
counterpoise  weights. 
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A  more   recent  form   of  governor,  by  J.   &   J.    Braddock,  »* 
shown  in  FJg".    115,  which,  amonj^st  other  advantages,  occupic* 
very  little  space,  inasmuch  as  the  usual  largfc  bell  and  lank  ar^^ 
materially  reduced  in  size.     The  g^overnor  has  a  chamber  divide^^ 
into  two  compartments,  forminjj  inlet  and  outlet.     The  two  valvc.^=^ 
arc  connected  together  and  counterbalance  each  other,  and  act  ir^ 
opposite  directions.      A   pressure-controlling  tube,  open  at  botJ» 
ends,  is  fitted  in  the  top  of  the  outlet  chamber,  so  as  to  admit  gas 
from  the  outlet  into  the  bell,  above  the  water-level.     As  the  con- 
sumption of  gas   decreases   the  pressure   in   the  outlet  chamber 
increases,  and  the  bell  is  raised,  so  diminishing  or  shutting  off,  as 
required,  the  supply  of  gas.     As  the  consumption  of  gas  increases, 
the  action  is  reversed.     The  governor  is  titled  with  self-loading 
apparatus,  which  automatically  changes  the  outlet  pressure,  ac- 
cording to  the  demand  for  gas. 

Mr.  U.  Bruce  Peebles  employs  the  pressure  of  the  inlet  gas, 
supplied  through  a  small  pipe  having  a  dry  regulator  fixed  upon  it, 
to  load  I  he  bell  of  the  governor,  which  is  enclosed  in  a  gas-light 
case ;  and  the  only  adjustment  required  is  by  means  of  small 
weights  to  the  regulator. 

Mr.  W.  Cowan  has  introduced  various  improvements  in  gover- 
nors, by  which  the  adjusted  pressure  is  maintained  under  all 
variations  of  draught  or  changes  at  the  inlet.  (See  Fig.  114.)  He 
has  also  invented  an  *' Automatic  Pressure  Changer,*'  a  most 
ingenious  instrument  for  raising  and  reducing  the  pressure  auto- 
matically at  any  given  time,  thus  dispensing  with  the  attendant, 
except  on  extraordinary  occasions. 

Mr.  C.  Hunt  has  adapted  the  ordinary  throttle  valve  to  the 
purpose  of  a  governor.  By  this  plan  a  holder  scarcely  larger  in 
diameter  than  the  main  only  is  required.  Within  the  supply  main 
leading  from  the  works  to  the  streets,  the  disc  or  throttle  is 
accurately  balanced  on  two  small  steel  centres  ;  the  lever  or  radius 
arm  by  which  it  is  actuated,  being  also  inside  the  main,  is  attached 
to  the  centre  of  the  disc.  A  small  vertical  pipe,  communicating 
the  holder  with  the  main,  serves  to  enclose  the  connecting  pipe 
attached  to  the  radius  arm  and  to  the  crown  of  the  holder,  and 
also  conveys  the  gas  into  the  latter.  By  means  of  this  arrang-e- 
mcnt,  a  holder  only  12J  in.  in  diameter  will  actuate  an  S-in. 
valve ;  and  one  only  17  in.  in  diameter,  an  iS-in.  valve. 
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H  Id  winter  time  the  water  in  a  governor  tank  is  liable  to  freeze, 
"  particularly  if  the  house  containing  it  is  in  an  exposed  situation. 
A  very  efficient  and  simple  remedy  for  this  is  provided  by  the 
iteam  stove.  This  is  merely  a  cast-iron  cylinder  or  pipe  in  the 
form  of  a  pedestal*  2  ft.  6  in.  to  3  ft.  in  height,  and  10  or  12  in. 
in  diameter,  having  a  base,  and  an  ornamental  top  or  covering" 
brightened  by  being  ground  and  polished.  The  stove  Is  placed  on 
end  on  the  floor  of  the  governor  room,  in  any  convenient  part, 
and  a  steam  pipe  about  |  in.  in  diameter,  with  stopcock,  is 
insierted  through  the  bottom,  in  which  ts  another  stopcock  for 
letting  off  the  water  of  condensation.  In  time  of  frost,  by  means 
of  this  stove  the  atmosphere  of  the  room  can  be  maintained  at 
an  equable  temperature,  at  a  minimum 
exp>ense.  A  piece  of  ordinary  cast-iron 
pipe  can  be  adapted  to  the  purpose;  on 
the  other  hand,  the  stove  is  susceptible 
or   any  amount  of  ornamentation. 

District  or  Dlfferentiai  Qovcrnon 
Gas  pressure  varies  according  to  the 
elevation,  increasing  and  decreasing  at 
the  rate  of  about  ^^  of  an  inch  for  each 
10  ft.  of  rise  and  fall  respectively.  It  is 
thus  obvious  that  if  the  pressure  in  the 
lo^ve^  mains  is  sulVicient,  that  in  the 
hig-her  mains  (assuming  them  to  be  con- 
I        necied  throughout)  must  be  in  excess. 

I  For   the  supply  of  gas  to  varying  levels,  therefore,  separate 

leading  mains,  with  a  station  governor  upon  each,  are  highly 
^B  advantageous,  and  should  be  employed  wherever  practiciible. 
^P  District  or  differential  governors,  for  the  automatic  regulation 
'  of  the  pressure  in  the  mains  at  high  attitudes  considerably  removed 
from  the  gas-works»  are  also  of  the  utmost  utility.  These  are 
produced  both  in  the  wet  and  dry  form  by  most  makers  of  gas 
apparatus.  Fig.  1 16  shows  the  district  governor  made  by 
D.  Bruce  Peebles  and  Co. 

By  doubling  the  amount  of  pressure,  the  consumption  of  gas  is 

increased  by  about  one-half.     Leakage  from  a  pipe  is,  of  course, 

increased  in  the  same  ratio — i,e.  in  the  proportion  of  the  square 

root  of  the  pressure. 

5 
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MAIN  PIPES. 

The  leakage  which  arises  in  the  distribution  of  g"as  is  largely 
due  to  defective  and  badly  jointed  main  pipes.  Hence  it  is  of  the 
first  importance  to  ensure  that  the  pipes  employed  for  that  pur- 
pK>se  are  made  of  a  good  quality  of  metal,  close  in  texture,  free 
from  defects  of  every  kind,  and  as  equal  as  possible  in  their 
sectional  thickness. 

To  secure  these  three  fatter  conditions,  all  cast-iron  pipes 
5  in.  internal  diameter  and  upwards  should  be  cast  vertically  in 
dry  sand  moulds.  Smaller  sizes  are  usually  cast  in  green  sand 
and  in  Inclined  moulds.  The  pipes  should  be  tested  by  hydrostatic 
pressure  equal  to  at  least  75  lbs.  on  the  square  inch  (150  ft.  head  of 
water),  cither  at  the  place  of  manufacture  or  on  the  gas-works ; 
and  whilst  under  pressure  they  should  be  smartly  rapped  with  a 
3-lb.  hammer  from  end  to  end.  This  will  often  reveal  faults,  such 
as  sandy,  porous,  and  blown  places,  not  otherwise  discernible. 
Rapping  the  pipes  whilst  on  the  ground  will  also  indicate  their 
character.  If  the  sound  omitted  is  clear  and  bell-like,  the  pipe 
may  be  considered  free  from  defects.  On  the  other  hand,  if  dull 
and  leaden,  it  is  cracked  or  otherwise  imperfect.  All  pipes  that 
do  not  stand  the  tests  should  be  rejected. 

The  metal  of  pipes,  whilst  compact  and  close,  should  not  be 
excessively  brittle  and  splintery,  but  such  as  may  be  readily 
chipped  and  drilled. 

Cast-iron  pipes  below  3  in.  diameter  are  6  ft.  long  ;  3  in.  to 
II  in.  diameter,  g  ft.  long;  when  12  in.  diameter  and  upwards 
they  may  be  cither  9  ft,  or  12  ft.  long.  The  socket  is  not  included 
in  these  lengths. 

Formula  for  calculating  the  weight  of  cast-iron  pipes — 

W=2-45(D-'— //=). 

Where  D  ~  outside  diameter  of  pipe  in  inches. 
d  -  inside  diameter  of  pipe  '\n  inches. 
W  =  weight  of  a  lineal  foot  of  pipe  in  lbs. 
It  is  usual  to  pay  for  any  overweight  in  the  pipes  beyond  the 
weight  specified  not  exceeding  4  per  cent. 
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Gast-Ibon  Gas  Pipks,  \vith  Opkn  Joints. 

Th4  K€iffht  of  the  socktt,  and  bead  on  tpi^ot,  U  fqtuil  to  9-10//i4   of  a 
Uneal/oot  of  the  pipe,  ami  this  it  inciudfd  in  the  weights  fjivfn. 


'      ItamtmX 

TbIckneM  ol 

Leoyth  ol 

LsnyUi  of  Pipe, 

Welglit  p»r  Pipe, 

Z>iu«t«iof 

H»t^  ui  Bod;  ol 

Boukei, 

not  inoludiDg 

inclaoveot 

Pip*. 

Pipo. 

iiuidB  meaiUK. 

Sookel. 

Bookot  and  Bead. 

Zootm. 

loohet. 

IncfavB, 

Vevt. 

Cwti*.  qni.  tin. 

|_          1 

&-16ihi 

3} 

C 

0      10 

n 

6-16tb6 

a* 

6 

0      1     10 

a 

fi-16thfl 

» 

6 

0      1    22 

&t 

3-8tli» 

» 

6 

Q      2    17 

B 

3-dtb8 

3 

9 

1     0    u 

4 

3-8th« 

4 

9 

I      1    19 

6 

7-16thfl 

4 

9 

2      0      7 

6 

7-16th8 

4 

9 

2      1    SI 

7 

6-lOtbi 

4 

9 

3      0    27 

8 

6-lOtbs 

4 

9 

a      2    19 

9 

SlOthB 

H 

9 

4      0    11 

10 

9-ltitbi 

H 

9 

6      0    16 

11 

n.ltichB 

44 

9 

5      2     U 

19 

6-8tbB 

4i 

12 

8      S     16 

IS 

6-8cbs 

41 

1*J 

9      2    13 

U 

6-8tliB 

H 

12 

10      1      8 

u 

6-atha 

i\ 

12 

11      0      4 

u 

U-16tbB 

4i 

12 

12      8    34 

17 

n-iGtbi 

H 

12 

13      2    24 

18 

U-lBtha 

H 

12 

14      2      0 

19 

8-4tbB 

H 

12 

lit      2    24 

ao 

8-4tb8 

A 

12 

17      2      8 

fli 

MtbB 

6 

12 

IS      1    20 

93 

13-ltitbs 

6 

12 

20      3    20 

98 

13-16ibB 

6 

12 

21      3      8 

U 

7-8tb> 

G 

la 

24      2      8 

80 

1 

6 

12 

as     0     0 

86 

Utb 

0 

12 

47      0     16 

43 

lAthfl 

6 

12 

£7      3     16 

48 

liib 

0 

12 

69      2      0 

For  the  smaller  sizes  of  pipus  up  to  8  in.  diameter,  the  open 

jointing  space  is   jj  in.,  and   for  larger  diameters  \  in.   wide  all 

''ound.     The  following  are  the  usual  depths  of  the  socket,  inside 

^Tieasure,  for  the  various  sizes  of  open-jotnied  gas-pipes,  plugged 

^ith  yarn  and  lead  ; — 

Divneler.  Doplh  o(  SookM. 

Up  to    3iiichf)i 3  inobee. 

4U»   8      .  ........        4       „ 

9ioao 41     „ 

31»o80 6       » 

„      and  apw&nU 6      u 
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Cast-Ibon  Gas  Pipks,  with  Turnkd  and  Bokrd  Joints,  HAVOfa  a 
Recces  xm  Faont  fob  Lead. 

The  weight  of  the  iocket  a7ul  thickened  fpigot  ««  eqjial  to  1^  lineal  foo^  of 
tMs  pipe,  and  this  ts  incMed  in  tfie  weights  git^en. 


Xntornftl 

Thiokoefti  of 

I^eoKth  ot 

Length  ol  Pipe, 

Weight  per  Pipe. 

DUmelvKof 

Meul  In  Bodj  ot 

Socket, 

not  including 

Inoluclve  o(  Socket 

Pip.. 

Pipe. 

tnaidemeuure. 

Backet. 

&Dd  thickened  SpifoA 

iBObM. 

iDchea. 

Inobw. 

Keet 

Cirt.  qra.  Ibe. 

1 

6-16th8 

Sk 

a 

0      1       1 

li 

6>10th8 

a) 

li 

0      1     12 

fl 

6-ltJtll8 

3 

tl 

0      1    24 

81 

8-8tlis 

3 

6 

0      2     19 

8 

8-eth8 

Bf 

9 

1      0     14 

-            4 

84ltll8 

4 

g 

1      1    22 

I           ^ 

7-16thi 

4 

\) 

2      0    13 

1          ^ 

7-I(tths 

4k 

9 

2      1    37 

1           7 

£-]Otb» 

■li 

'J 

3       1      8 

1           S 

5-lUtba 

i\ 

'J 

U      3      0 

r       9 

5-lOtba 

H 

u 

4      0    2S 

10 

&-]Gth8 

n 

9 

6       1       0 

11 

»-16tb8 

4k 

9 

&    a    I 

12 

6-Btiia 

41 

12 

9      0      4 

13 

6-Bth8 

4i 

12 

0    a    0 

14 

5-Sibs 

H 

li 

10      1    24 

15 

&-8tbB 

£ 

12 

11      0    34 

16 

U16th8 

5 

12 

18      0    10 

17 

U-ietbs 

CJ 

12 

IS    a  20 

18 

nifltliB 

5i 

12 

14      3    24 

19 

11-4  llii 

&k 

12 

16      S    24 

SM) 

Mtbs 

6i 

12 

17      »     12 

Bl 

34thi 

61 

12 

18      2    24 

29 

l»-lQtha 

H 

12 

SI       1       0 

23 

l»-lGth8 

fil 

12 

22      0    20 

24 

7-8th8 

64 

12 

24      a    24 

BO 

1 

H 

12 

85      2      4 

86 

Uih 

G 

12 

47      8     18 

42 

lAthft 

6 

12 

58      8      4 

48 

lith 

e 

12 

70      2      8 

When  the  turned  and  bored  joint,  on  being  tested,  is  found  gas- 
tight,  it  is  not  necessary  to  fill  the  recess  with  lead.  The  usual 
filling  material  adopted  under  such  circumstances  is  Portland  or 
Roman  cement.  These  cements,  if  kneaded  with  warm  water,  set 
quickly  ;  with  cold  water  not  so  soon. 
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■'-^W'l^mwww  of  the  Sockgta  of  Turned 

Dimensions  of  the  Sockets  of  Turned          ^^ 

K     <»»»W  Bor*d  Cast-Iron  Go»  Pip«s, 
W     »<^r/A  a  recess  wn/rorU.  [Fig.  117.) 

a?!;/  Bored    Cant-Iron 

Gan   PipeSf                 V 

without  a  Recessin  Front 

.(Fig.  118.)         ^J 

^^^H 

A 

B 
In. 

0 

In. 

D 

In. 

E 

Diara. 
3l  Pipe. 

A 

B 

0: 

°  m 

Inobei. 

In. 

laobH. 

InohoB. 

InollEIB. 

CdqIiob. 

InoboB.                  1 

U 

6-16tb9 

11 

i 

3 

} 

2 

siethA 

1 

4 

^M 

^ 

3-8U1B 

I 

A 

31 

is 

2i 

a-8thR 

i 

A 

^m 

3 

SBthB 

H 

1 

H 

i 

3 

8-^thB 

1 

^H 

Si 

S-etbB 

1 

1 

ai 

i 

34 

3-&tbi 

h 

t 

^H 

4 

SBths 

1:^ 

H 

» 

11 

4 

3-6thB 

k 

U 

^H 

^          " 

7-16th« 

n 

n 

i< 

6 

7-I(;thB 

1 

H 

■         ^ 

7-lGtliB 

n 

1 

1 

6 

V.lftthi 

\ 

1 

^1 

H    ^ 

5-10tih4 

lA 

f 

4& 

» 

1 

7 

6-lOchB 

A 

} 

^H 

H    ® 

B-IOtU 

n 

it 

41 

lA 

8 

5-lOthB 

1 

H 

^H 

■ 

6-lOtbB 

11 

1 

lA 

9 

fi-lOtbs 

H 

} 

^H 

H    10 

91Gtbi 

U'i 

{ 

lA 

10 

fl-lGtha 

1 

i 

^H 

H    ^^ 

9-16tbi 

u 

H 

4| 

11 

n 

fl.ICthfl 

H 

U 

^H 

■    ^ 

6-8tbi 

u 

H 

u 

la 

5-8th8  ■ 

H 

it 

^H 

H    ^ 

6-8  tha 

lA 

if 

n 

la 

6-ethB 

i 

it 

^^ 

H 

6-8tha 

lA 

tl 

u 

14 

&-dlbB 

1 

f 

1 

H    IS 

5-8thB 

II 

1 

6 

lA 

16 

5-8lbB 

2' 

6                           1 

■         16 

n-16thB 

IH 

1 

5 

lA 

IG 

n-iBcbB 

2 

1 

■ 

lM6thii 

U 

lA 

St 

U 

17 

IMGthB 

'2k 

lA 

6| 

^         W 

IMGilis 

HI 

JA 

6i 

IS 

16 

IMGtbB 

21 

If 

&i 

90 

8-4  tbB 

in 

U 

5i 

lA 

20 

a-4tbs 

24 

»* 

^^ 
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1 
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Caht-Ibon  Gas  Pipes,  with  Flange  Jonfrs. 
ThB  weight  of  the  flanges  is  equal  to  1  limed  foot  of  ths  pipe^  and  ihi$ 


is  included  in  the  weights  tjiven^ 


Thiokneuof 

Metal 

tn  Body  of 

Pipe. 

Flftngea. 

I/enfftb 
of  Pipe 

Internal 

DiiL' 

Wc]ffbt  per  EHpe 

Dluneter 
olPlp«. 

acroas 

Thick, 
ness 
of 

Ngmber 
of  Bolt 
Holci. 

mctef. 

centre  to 

centre 

Dia. 

tneber 

ODthidB 

tho 
Flangea. 

Inolunre 
of  the  Flanget. 

Flanges. 

Metal. 

of  bolt 
ilolM. 

Bolts. 

Incbes. 

iBCbeK. 

Inches. 

Inch«B. 

Inchpft. 

Incbea. 

Feet 

Cwts.  an.  lb*. 

1 

6-l&tb8 

4 

1% 

3 

2i 

A 

6 

0      1      0 

n 

C-16lha 

4J 

iV 

3 

31 

1 

ti 

0      1     11 

2 

6-l(>t,hii 

6J 

4 

44 

A 

6 

0       1    22 

2i 

a-8ih8 

7i 

^ 

5i 

6 

0    a  13 

3 

a-Htbfl 

7J 

1-4 

54 

» 

1      0     11 

4 

S-8thB 

D 

f* 

7 

9 

1       1    23 

6 

7-ltltha 

lOj 

1 

8i 

9 

a    0  10 

6 

7-ltith9 

Hi 

1 

94 

0 

2      1    24 

7 

fi-lOLha 

13 

) 

4 

11 

9 

8       1      6 

B 

fi.lOtba 

14) 

i 

6 

12 

S 

8      S    25 

9 

6-IOthi 

Ifi 

{ 

6 

134 

9 

4      0    17 

10 

9-16th8 

]7i 

1 

6 

142 

9 

6      0    22 

11 

9-16thB 

iHi 

i 

C 

15? 

9 

5      2    23 

12 

6-6tbii 

in 

H 

6 

164 

12 

H      3    24 

18 

6-8  tbi 

20} 

H 

G 

174 

12 

9     a   20 

14 

6-*Jthii 

21  i 

1 

6 

184 

12 

10      1    16 

16 

&-8tbii 

224 

1 

8 

1!14 

12 

n    0   12 

16 

IMikhB 

24 

ll'c 

B 

21 

12 

13      0      8 

17 

ll-Itithfl 

25 

liV 

8 

22 

12 

13    3    e 

18 

U-IOtbs 

26 

u 

10 

2a 

12 

14    a  u 

39 

3-ltim 

27 

n 

10 

24 

12 

10      3    12 

20 

a-4Ui» 

28 

i; 

10 

244 

1 

12 

17      2    34 

21 

3  4tbB 

29 

11 

10 

264 

12 

18      S      8 

22 

13-]6tbf 

30 

lA 

10 

264 

12 

21      0      8 

23 

13-ltith9 

81 

11 

30 

274 

12 

22      0      0 

24 

7-8tba 

32 

liV 

12 

284 

12 

24      3      0 

ao 

1 

38 

li 

14 

344 

1 

12 

3fi       1       0 

S5 

Uth 

45 

u 

la 

4i4 

1 

12 

47      2      0 

42 

Ii**tb8 

61 

u 

vo 

474 

I 

12 

58       1       8 

40 

Uib 

57 

n 

•J4 

634 

1 

12 

70      0      4 

Cast-iron,  in  cooling  from  the  molten  condition,  shrinks  ^  of  an 

inch  per  foot.  ^M 

Main  Pipe  Joints. — A  host  of  joints  for  main  pipes  have  been 
invented  from  lime  to  time,  which,  ihou^^h  theoretically  good, 
have  not  all  proved  very  satisfactory  in  practice.     The  classes  of 
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joinl  generally  in  use  are  the  turned  and  bored,  and  the  open  joint, 
r'he  ball  and  socket  joint  is  employed  under  exceptional  circum- 
stances, as  when  the  main  has  to  be  laid  in  the  bed  of  a  river  or 
harbour,  or  across  a  narrow  arm  of  the  sea. 

A  difference  of  opinion  exists  among  eng'ineers  as  to  which  form 
of*  joint  is  best — the  turned  and  bored,  or  the  open  joint  filled  with 
lesid,  rust  cement,  or  other  substance,  metallic  or  otherwise.  We, 
wrhio  have  had  large  experience  in  both,  and  under  most  circum- 
st^tnccs,  prefer  the  turned  and  bored,  both  for  ease  in  adjustment^ 
ccronomy,  and  efficiency. 

In  districts  where  the  ground  is  extensively  undermined  and 
li-^ble  to  subsidence,  the  vulcanized  india-rubber  joint  (which  is 
vi  «-tually  an  open  joint)  is  the  most  suitable  (Kig.  i  J2), 

Special  pipes,  such  as  bends,  tees,  and  junctions,  are,  for  con- 
venience sake,  made  with  open  joints  {Fig.  125). 

The  turned  and  bored  joint  is  shown  in  Fig.  i  [9. 


ini 


There  is  no  difficulty  in  swinging  round  ordinary  curves  with  a 
l«r»«of  mains  jointed  in  this  manner;  but  when  the  radius  of  the 
cv^rve  is  short,  an  occasional  yarn  and  lead  joint  is  required. 

In  specifying  for  pipes  with  these  joints,  care  should  be  taken 
^Hat  the  bored  and  turned  surfaces  are  not  made  with  loo  much 
'-^pcr ;  indeed,  the  neart^r  the  surfaces  approach  to  parallel  lines 
^^ithout  being  absolutely  parallel,  the  belter  they  will  fit. 

The  socket  may  either  be  bored  flush  up  to  the  face,  as  in 
^"ig.  1 18,  or  it  may  have  a  recess  in  fronts  as  in  Figs.  1 17  and  1 19. 
The  latter  is  to  be  preferred,  as  it  can  be  supplemented  with  lead 
Or  other  filling  should  the  turned  joint  prove  defective. 

Two  examples  of  the  open  joint  are  given  in  Figs,  i  JO  and  121. 

The  india-rubber  joint  (Fig.    122)  is  formed  by  passing  a  vuU 

canized  ring  of  that  material  round  the  spigot  end  of  the  pipe, 

which  is  specially  cast  with  a  groove  and  bead  to  suit  this  de-. 

Ktiption  of  joint.     When  the  pipe  end  is  pushed  forward  into  thi 
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socket,  the  ring  is  compressed  or  flattened,  and  buts  against  t 
raised  bead.  No  other  packing  is  necessary,  so  that  it  is  a 
expeditious  method  of  jointing,  whilst  the  vulcanized  india-rubbe 
unaffected  by  the  presence  of  gas  or  moisture,  is  practically  in  -^ 
destructible.  The  other  advantages  of  this  joint  have  alread>^S 
been  referred  to.  I 

The  ball  and  socket  joint  is  shown  in  Fig.  123,  This  particular^ 
form  is  the  invention  of  Mr.  J.  Z.  Kay,  and  has  been  successfully^ 
employed  for  main  pipes  crossing  through  rivers  and  harbours  ^ 
where  the  ordinary  rigid  joint  is  inapplicable.  The  lead  is  first  4 
run  in  and  caulked;  and  the  connected  pipes,  being  like  a  chain, 
can  be  paid  out  of  a  lighter,  or  other  vessel,  when  they  will  find 
their  own  bed  In  the  river  bottom. 

The  expansion  joint   (Fig.   1^4)  is  useful  in  all   cases  where 
a  line  of  main  is  exposed  to  varying  temperatures,  as  in  pipes 


Fig.  122 


Fig.  124. 


placed  against  a  wall  or  alongside  a  bridge,  or  in  an  open  trench 
or  channel. 

Mill-board  or  engine-board,  coated  with  red  or  white  lead, 
makes  a  good  and  durable  joint  for  fliinges  not  under  water. 

A  combination  of  asbestos  and  india-rubber  woven  sheeting 
makes  a  superior  flange  joint,  especially  for  steam  purposes,  as 
these  substances  resist  the  action  of  both  heat  and  moisture.  To 
prevent  adherence  to  the  iron  (in  the  case  of  blank-flange  and 
manhole  joints  that  require  to  be  frequently  broken),  the  flange 
should  be  rubbed  over  with  powdered  black  lead  before  placing 
the  cover. 

Metallic  rings  are  best  for  flange  joints.  These  may  be  made 
with  }  in.  or  f  in.  lead  pipe,  with  the  ends  soldered  evenly  to- 
gether ;  the  ring  is  then  covered  with  flax,  and  well  smeared  with 
red  lead  or  paint.  The  pipe  must  not  be  beaten  flat,  but  left  round, 
with  a  few  gimlet  holes  bored  in  it  to  allow  of  the  exit  of  the  air, 
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so  that  when  the  joint  is  screwed  up  it  may  bed  into  any  irregiilari- 
nes  in  the  surfaces.  The  remaining  space  between  the  flanges  is 
fiUed  with  rust  or  other  cement. 

Flange  pipes  can  be  jointed  without  the  interposition  of  any 
packing  material,  by  having  the  flanges  faced  in  a  lathe.  In  such 
case  the  surfaces  are  merely  coated  with  white  lead  paint,  and 
^he  joint  tightened  up. 

Bolts  used  for  jointing  flanges,  &c.,  should  have  a  gummet  of 
flax  or  low,  smeared  with  red  or  white  lead,  placed  round  their 
neck  and  behind  the  washer  at  the  nut  end,  to  bed  under  the  head 
and  nut  when  screwed  up. 

Red  and  white  lead  should  always  be  mixed  with  boiled  Unseed 
oil.     Other  oil  can  be  made  to  answer,  but  not  nearly  so  well. 

The  bends,  tees,  junction  pipes,  and  other  irregulars  required 
in  the  distributing  department,  are  shown  on  p.  234. 

Gas  pipes  should  be  free  from  excrescences,  and  moderately 
mooth  on  their  inner  surface. 

They  are  better  not  coated  internally  with  any  kind  of  sub- 
stance soluble  in  naphtha  or  other  hydrocarbon  liquid.  Such 
Coating  is  soon  dissolved  by  the  gas,  and  drains  partially  away 
'nio  the  drip  wells;  the  residue  collecting  into  viscid  masses  at 
dilTerent  points,  principally  near  to  the  joints.  The  coating  can 
f>rily  be  intended  to  reduce  friction  by  rendering  the  surface  joint 
snnooth  for  the  passage  of  the  gas,  because  as  a  preservative  to 
tHe  iron,  internally,  it  is  not  required.  Its  tffect  is  to  impede  the 
flow.  The  slight  deposit  which  takes  place  from  the  gas  alone 
soon  gives  the  metal  a  smooth  coating.  These  objections  do  not, 
of  course,  apply  to  the  internal  coating  of  water  pipes. 

It  is  only  for  appearance  sake,  as  a  rule,  that  a  covering  of 
this  description  can  be  recommended  for  the  outside  of  cast-iron 
pipes.     It  often  serves  only  to  hide  defects  in  the  casting. 

The  reddish  brown  oxide  covering  which  cast-iron  pipes  acquire 
m  a  short  time,  when  laid  in  ordinary  soil,  is  one  of  the  best 
preservatives  of  the  metal.  This  covering  is  impervious  to 
moisture,  its  effect  being  to  arrest  further  corrosive  action. 

There  are,  however,  circumstances  where  it  is  desirable  and 
necessar)'  to  coat  pipes  externally,  as,  for  example,  when  they 
are  of  wrought-iron,  and  when,  though  of  cast-iron,  they  are 
to  be  laid  in  soils  intermixed  with   engine   ashes^    furnace  slag^ 


GAS   ENGTKKEn.^   AND   MANAGERS. 


835 


vitrified  cinders,  clinker,  dross,  scoriae,  or  chemical  refuse  of  any 
kind. 

Wrought- Iron  and  Steet  Main  Pipes. — Of  recent  years  a 
considerable  trade  has  sprung"  up  in  the  manufacture  of  wrought- 
iron  and  steel  main  pipes  of  lar^e  diameter  for  foreigfn  countries. 
Although  the  first  cost  of  these  is  greater  than  that  of  the  same 
sizes  in  cast-iron,  yet  owing  to  their  being  lighter  and  less  liable 
to  fracture,  the  reduced  expense  of  freight  and  haulage  to  their 
destination  makes  their  ultimate  cost,  length  for  length,  materially 
less.  The  wrought-iron  pipes  are  lap-welded,  and  those  of  the 
steel  are  riveted  in  the  seam.  They  are  generally  in  15  ft.  lengths. 
The  next  table  gives  the  usual  thickness  and  weight  of  wrought- 
iron  pipes. 


TABLE. 
Thickfwss  at\ii  Weight  of  Wrougiii-Iron  Main  Pipes. 


IKflineicr  Inside. 

Thtcknesfi. 

Weight  per  FooL 

In. 

In. 

Lbs. 

I 

AfutL 

6 

3i 

♦    •' 

7 

4 

'J 

9, 

5 

A 

lOi 

6 

1<^ 

13 

7 

bare. 

iB 

8 

so 

9 

"44 

10 

aB 

13 

: 

33 

>-* 

\« 

43 

16 

A 

50 

Fit;.  126. 


The  smaller  sizes,  3  in,,  3J  in.,  and 
4  in.  diameter,  have  screwed  ends  and 
sockets.  The  larger  diameters  may  be 
either  screwed  or  plain.  In  the  latter 
case  the  '*  Kimbcrley '^  collar  (Fig.  126) 
is  employed  for  connecting  them  ;  this 
is  also  made  of  wrought-iron. 
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TABLE. 

Weight  of  Lead  required  for  Joiniing  Wrought-Iron  Main 
Pipes  toiUi  the  ^*  Kimbcrlcy**  Collar. 


Inlcmol 

Uepih  of  Lead 

Wcighl 

Internal 

Depth  of  Lead 

Weight 

l>in.inetcr 

on  each  side 

Diameter 

on  each  side 

of  Pipe- 

or  Collar. 

of  Pipe. 

of  Collar. 

Lead. 

In. 

In. 

In. 

In. 

Lbs. 

1 

|i 

8J 

10 

i9 

'^ 

^ 

10 

II 

if 

18 

7 

t\ 

:;l 

13 

18 

90 

B 

M 

u 

2i3 

9 

'3 

15 

16 

30 

The  Laying  of  Main  Pipes. — Special  care  is  needed  in  the 
laying-  of  main  pipes.  As  a  genera!  rule  the  covering  of  soil  over 
them  should  be  at  least  21  in.  deep,  to  protect  them  from  break- 
age by  steam  rollers,  the  influences  of  heavy  trattic  and  low  and 
varying  temperatures. 

The  excavation  to  receive  the  pipes  should  not  be  unnecessarily 
wide,  as  the  less  filling  up  that  is  required  the  better,  not  to 
mention  the  saving  in  cost. 

The  bottom  of  the  trench  on  which  the  pipes  rest  should  be 
even  and  firm»  and  if  not  so,  then  thoroughly  consolidated  by 
punning.  The  soil  should  be  scooped  out  at  the  various  points  in 
the  trench  bottom,  where  the  sockets  come,  so  that  tlie  body  of 
the  pipe  may  lii;  solid  throughout  its  length.  In  cases  where  this 
cannot  well  be  done  resort  may  be  had  to  underpinning. 

Kach  pipe  should  be  laid  with  the  proper  inclination  or  fall, 
and  securely  jointed  ;  all  joints  being  proved  either  with  gas  or  air 
under  Iii^h  pressure  while  the  trc-nch  is  open. 

In  roads  or  footpaths  made  with  ashes  or  chemical  refuse,  the 
pipes  should  be  carefully  embedded  in  good  common  soil  obtained 
for  that  purpose,  or  puddled  round  with  clay — especially  protecting 
the  upper  side  with  a  thick  covering. 

It  is  worse  than  useless  to  place  clay  oftfy  tniderneath  the  pipe. 
When  so  placed,  it  serves  to  receive  and  retain  the  water,  which, 
percolating  through  the  material  forming  the  ground,  is  charged 
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with  acid  bisulphides  and  other  deleterious  compounds.  The 
metal  of  the  pipe  thus  lyinj^,  as  it  were,  in  a  bath  of  acidulous 
liquid,  is  destroyed  sooner  than  it  would  Ije  if  no  clay  were 
present.  The  protection  afforded  by  the  clay  should  therefore 
be  complete,  all  round  the  pipe,  and  particularly  over  its  upper 
surface. 

In  refilling  the  trench,  the  soil  should  be  shovelled  In  in 
layers,  and  rammed  firmly  and  equally  all  round  and  above  the 
pipes. 

Gas  pipes  laid  through  arable  land  do  it  no  harm,  but  rather 
ffood,  inasmuch  as  they  help  to  drain  the  land.  The  joints  should 
be  perfect,  however,  as  the  escape  of  gas  is  fatal  to  vegetable 
life. 

When  laying  pipes  with  bored  and  turned  joints,  the  spigot 
and  socket  ends,  after  being  cleaned  with  cotton  waste,  are 
Coated  with  thick  paint  composed  of  one  part  each  white  and  red 
Icfid  mixed  with  boiled  linseed  oil;  the  end  is  then  inserted  and 
driven  home  with  a  mallet,  or,  should  the  pipe  be  large,  with  a 
swing  block.  Or  another  pipe  swung  from  the  shear-legs  may  be 
Used.  In  this  case  a  wood  shield  should  be  laid  against  the  socket 
to  take  the  force  of  the  blow. 

In  driving  the  pipes  they  will  sometimes  be  found  to  spring 
t>ack  at  every  stroke.  This  may  be  due  either  to  the  surfaces 
being  made  too  conical,  in  which  case  it  is  difficult  to  ensure  a 
good  joint ;  or  there  is  a  slight  ridge  or  roughness  on  the  inner 
edge  of  the  bored  part  of  the  socket.  Chip  this  off  with  a  sharp 
cViisel. 

Red  lead  sets  sooner  and  harder  than  white  ;  and  the  follow- 
ing reason  is  given  for  preferring  the  white  to  the  red  for  joints: 
^Vhen  an  expansion  or  contraction  takes  place  in  the  pipes,  the 
red  lead  is  liable  to  crack,  and  so  cause  a  leakage  ;  whereas 
the  white  lead  is  more  tractable,  and  better  adapts  itself  to 
the  varying  circumstances.  An  equal  mixture  of  the  two  is 
preferable. 

In  placing  pipes  with  open  joints,  twined  gasket  is  caulked  in 
all  round  so  as  to  fill  nearly  half  the  length  of  the  open  space.     A 
roll  of  tough  plastic  clay  is  then  passed  round  and  pressed  against 
I  the  socket  face,  and  through  a  lip  on  the  upper  side  molten  lead 

I         ^s  poured  till  the  remaining  space  is  Bllcd.     On  the   lead  being 
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set  up  with  a  blunt  caulking"  tool  and  hammer,  the  joint  is 
complete. 

The  ladle  should  contain  suflicient  molten  lead  to  fill  the  joint 
at  one  pouring,  otherwise  the  adhesion  of  the  metal  throughout 
win  not  be  perfect. 

Molten  lead,  when  heated  to  redness,  will  fly  when  poured  upon 
a  wet  or  damp  surface. 

Mains  in  level  ground  should  be  laid  with  a  slight  inclination, 
say  I  ft.  in  400  yds.,  and  at  each  lowest  point  a  syphon  or 
drip  well  (Fig.  127),  of  cast-iron,  should  be  placed  underneath, 
and  connected  by  a  tube  to  the  pipe  to  receive  the  liquid  arising 
from  condensation.  Another  form  of  syphon,  with  sockets  to 
receive  the  main  pipes,  is  shown  in  Fig.  128.  In  all  cases  where 
a  main  dips,  a  syphon  is  required  at  the  place  where  the  dip  is 
reversed. 


fMAINj 


Fig.  127, 


Fir..  laS. 


The  liquor  from  these  receptacles  is  pumped  out  periodically 
into  a  cask  on  wheels,  and  deposited  in  the  tar  well  on  the  gas- 
works. 

In  laying  down  mains  in  lieu  of  others  of  a  smaller  size,  the 
difference  in  value  between  the  two  sizes  of  pipes  only  should  be 
charged  to  capital  account. 

For  pipes  ij  to  8  in.  in  diameter  the  lead  is  assumed  to  be 
about  3  in.  thick;  and  in  pipes  9  in.  in  diameter  and  upwards, 
J  in.  thick. 

In  place  of  lead,  rust  cement  and  a  mixture  of  beeswax  and 
tallow  are  used  for  jointing  mains.  *'  Spence's  metal  "  also  is  an 
cfTicieni  substitute,  and  its  cost  is  considerably  less. 
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TABLE. 

Ctiving  the  Weight  of  Lead  in  Pounds  required  for  Jointing- 
Cast*Iron  Mains. 


Oianeter 

Depth  of 

Weight  of    i 

Diameter 

Depth  of 

Weight  of 

of  Pipe  in 
Inches. 

Lead  in 

Lead  in 

of  Pipe  in 
Inches. 

1: 

Lead  in 

I^ad  in 

Inches. 

Pounds. 

) 

■ 

1 

Inches. 

Pounds. 

2 

1 

s, 

2 
3 

'^ 

^ 

a 

13 

21 

3 

2;           ; 

14 

2 

«34 

4 

^ 

4 

J5 

2 

26 

5 

'( 

5i 

16 

2 

284 

6 

7, 

17 

2 

31 

7 

2 

8: 

18 

2j 

3=** 

8 

=J 

lO 

19 

2 

34. 

9 

ai 

12 

20 

a 

3^4 

lO 

23 

\ 

I4J 

34 

3 

48 

^ron  or  Rtist  Cements  for  Flange  ami  Open  Socket  Joints. 

('  )  I  lb.  of  clean  iron  borings,  pounded  fine  in  a  mortar. 

2  oz.  sal  ammoniac  (muriate  of  ammonia)  in  powder. 
I  oz.  flowers  of  sulphur. 
Wix  the  whole  together  by  pounding,  and  keep  dry.     For  use, 
'^ix  one  part  with  twenty  of  iron  borings  pounded,  adding  water 
***  the  consistency  of  mortar. 
(^)  98  parts  fine  iron  borings. 

I  part  flowers  of  sulphur. 
I  part  sal  ammoniac. 
Alix,  and  when   required   for   use,  dissolve  in  boiling  water. 
*^^is  cement  sets  quickly. 

If  required  to  set  slowly,  which  makes  the  better  joint — 
'3)  197  parts  iron  borings. 

I  part  flowers  of  sulphur. 
3  parts  sal  ammoniac. 
"When  required  for  use,  mix  with  boiling  water. 
The  iron  borings  used  for  making  joints  should  be  perfectly 
**^o  from  grease  and  oil. 

The  cubical  content  of  the  joint  in  inches,  divided  by  5,  gives 
tn^  weight  in  pounds  of  iron  cement  required. 
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Appliances  used  in  Mainlaying,  —  In    beginning   to   lay 
extensive   length    of    main    pipes,    considerable    delay,    and    cc* 
sequent  loss,  is  often  experienced  at   first,  owing   to  a  want 
foresight  in  providing  beforehand  the  necessary  men,  tools,  aa 
other  appliances  required.     The  following  is  an  enumeration 
what   is    necessary    to   be    provided,    varying   according    tx>   tfc 
peculiarities  of   the  district   and    the  extent   of   the    work   to   t 
done  : — 

One  or  two  skilled  mainlayers. 

A  number  of  labourers  according  to  the  extent  of  the  work. 

A  pavior  and  his  labourer.         A  night  watchman. 

A  pick  and  spade  (and  a  tool,  if  clay)  for  each  labourer. 

A  supply  of  picks,  pick  handles,  and  wedges  should  be  kept  i 
stock  to  replace  broken  ones. 

A  screen  for  separating  stones  and  soil. 

Shear-legs  or  tripod  ;  or^  what  is  better,  if  the  mains  are  o 
large  diameter,  a  movable  pipe  -  layer,  supported  on  wheels 
running  on  rails  laid  alongside  of  the  trench. 

Blocks,  tackle,  and  ropes  or  chain. 

A  chain  or  clip  to  encircle  the  pipes. 

Eight  hand-spikes  of  wood,  for  moving  the  pipes  about. 

Two  pieces  of  2  or  3  in.  wrought-iron  tube  (according  to  the 
size  of  main),  on  which  to  roll  the  pipe  previous  to  lowering  it  to 
its  place  in  the  trench. 

Two  or  four  long  iron  bars,  and  two  short  ones. 

Two  planks  for  long  and  strong  leverage. 

Red  and  white  lead,  mixed  with  boiled  oil,  if  turned  and  bored 
joints. 

Some  cotton  waste  and  old  cards  to  clean  the  joints,  if  turned 
and  bored.     A  supply  of  spun  yarn  and  lead,  if  open  joints. 

A  wooden  mallet  for  driving  small  bored  and  turned  pipes. 

Two  or  four  oak  blocks,  strengthened  with  bolts  or  hoops,  to 
lay  against  the  pipe  sockets  when  driving. 

A  3  or  4  in.  cast-iron  pipe,  to  swing  with  a  rope  or  chain 
from  centre  of  shear-legs  when  driving,  or  a  wooden  spring  block 
if  preferred. 

Wood  plugs  for  the  various  sizes  of  pipes  and  branches. 

India-rubber  cloth  bags  for  plugging  the  mains.     (Fig.  lag.) 

A  lead  pot  and  two  ladles. 
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Chisels  and  caulking  lools. 

Tarred  rope  for  trying'  the  joints  and  pipes. 

A  coke  fire-grate  for  melting  the  lead  and  for  use  by  the  night 
uratchman. 

Three  setts,  with  handles,  for  culling  any  pipes  required. 

Two  large  hammers,  7  lbs.  weight,  and  several  smaller  onesi 
1^9    2,  and  3  lbs.  each. 

Screwing  tackle. 

Some  fine  flax  for  indifferent  joints. 

A.  few  casks  of  cement, 

A  bogie  or  hand-drag,  and  two  or  three  hand-barrows. 

Portable  bench,  with  vice  attached, 

Covered  hand-cart,  under  lock  and  key. 

A.  supply  of  good  soil  for  bedding  the  pipes,  and  to  prevent  the 
contact  of  ashes,  if  such  should  be  present  in  ihe  cutting. 

-A  spirit-level  and  a  straighl-edgc  10  or  14 
ft-    long. 

A  supply  of  planking  to  cover  up  any  part 
of  the  trench  temporarily. 

A  box  for  the  night  watchman. 

Two  red  signal  lamps  to  warn  passengers 
of  the  open  trench  during  the  dark  hours. 

Two  stand-pipes  for  the  signal  lights. 

•Apparatus  for  proving  the  mains  for  leakage  before  filling  up 
**>e   trench. 

Look  up  beforehand  what  bends,  tees,  thimbles,  flanges,  drip 
*^JIs,  and  other  special  castings  will  be  required  in  Ihe  course  of 
*"^   "work,  and  have  them  ready  when  needed. 

In  enlarging  or  replacing  pipes,  many  services  require  to  be 
•^^pled  up  and  renewed,  and  in  that  case  service  layers  and  tools 
^c>tj|d  be  in  readiness. 


Fig.  129. 


EXPLOSIONS  IN  MAIN  PIPES. 

I  n  the  laying  of  large  main  pipes,  due  care  and  diligence  should 
"^  Exercised   by  the  skilled  and   responsible  officials  in  charge  of 
f**^H  work.     Calamitous  explosions  have  occurred  owing  to  neglect 
'n  tViese  particulars. 
16 
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Such  an  explosion  took  place  in  London  in  1862,  ana  ag-am  in 
1880;  and  one  in  Manchester  in  1873,  when  a  large  cast-iron 
syphon  well  was  beiiiii:  attached  lo  a  main. 

Coal  jfas  when  unmixed  with  air  or  oxyg^en,  as  is  well  known, 
is  perfectly  inexplosive,  and  is  even  incombustible.  It  is  only 
when  the  gas  comes  in  contact  with  the  oxygen  of  the  air,  as  at 
the  burner  for  example,  that  it  can  be  ignited  ;  combustion  being  in 
fact  the  union  in  the  presence  of  heat  of  the  hydrogen  and  carbon 
of  the  gas  with  atmospheric  oxygen. 

ExploNions  ul"  the  kind  referred  to  are  produced  by  a  mixture  of 
gas  and  air  in  certain  proportions.  The  explosive  force  of  a  com- 
pound of  this  character  is  greatest  when  gas  is  mixed  with  eight 
times  its  bulk  of  air. 

Under  ordinary  circumstances  it  is  impossible  for  air  to  become 
mixed  with  the  gas  in  the  street  mains.  This  can  only  occur  when 
a  main  is  in  course  of  being  laid,  or  when  a  fresh  junction  is  being 
made  with  an  existing  main. 

In  the  case  of  the  London  explosions  referred  to,  a  new  main 
was  being  laid.  In  order  lo  allow  of  this  being  done,  the  gas  was 
either  wholly  or  partially  shut  off  at  the  junction  with  the  live 
main.  Probably  the  gas  was  only  partially  excluded  ;  and  the 
limited  quantity  entering  would,  by  the  operation  of  the  law  of 
the  difTusion  of  gases,  gradually  mix  with  the  air  existing  in 
the  new  length  of  main,  till  it  became  charged  throughout  its 
course  with  a  dangerously  explosive  compound.  On  the  ap- 
plication of  a  light,  either  accidentally  or  from  intention,  the 
mixture  was  ignited,  with  disastrous  consequences  to  life  and 
property. 

It  is  not  necessary  that  there  should  be  the  presence  of  actual 
flame  to  cause  ignition.  Dr.  Fiankland  and  other  authorities 
have  demonstrated  the  fact,  well  known  to  most  gas  engineers, 
that   explosive    mixtures   of  coal  gas   and   air   may   be    inflamed 

a  spark  struck  from  stone  or  metal  ;  that  ignition  may  be 
lused  by  a  spark  produced  from  the  hammer  and  chisel  of 
a  workman,  or  even  from  the  tramp  of  a  horse  upon  the 
pavement. 

There  is  no  absolute  necessity  that  the  gas  should  be  excluded 
from  such  an  extent  of  main  pipes  in  course  of  being  laid  as  to 
incur  the  risk  of  accident ;    because  the  main  for  a  short  space 
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[from  the  point  where  the  junction  is  being"  made  can  readily  be 
[dosed  by  the  ordinary  india-rubber  valves.  When  the  main  is  of 
>suo}i  large  diameter  as  to  preclude  the  possibility  of  a  valve  of 
ilhis  kind  being  used,  the  utmost  precaution  is  necessary  to  ensure 
^the  expulsion  of  the  air  before  a  light  is  applied  lo  test  the 
savindness  of  the  joints. 

Under  any  circumstances,  the  application  of  a  light  is  objec- 
tionable and  unnecessary,  as  the  joints  can  be  proved  when  the 
ma-in  is  under  pressure  by  brushing^  them  over  with  a  solution  of 
soa.p  in  water. 

TESTING  OF  GAS  MAINS  IN  THE  GROUND. 

The  reduction  of  the  loss  of  gas  by  leakage  during  recent  years 
Is  i-emarkable.  It  is  safe  to  estimate  that  twenty-five  to  thirty 
years  ago,  the  unaccounted-for  gas  averaged 
1 6  per  cent,  of  the  gas  produced.  At  the 
present  time  the  average  is  only  one-half  that 
fi^re,  or  8  per  cent.  This  reduction  is  largely 
due  to  the  closer  attention  that  is  given  to 
the  pressures  by  day  and  night  ;  lo  the  use  of 
governors  in  street  lighting  ;  and  to  the  belter 
supervision  that  is  exercised  in  the  laying  of 
mains  and  service  pipes. 
SU^rAGE       or       ROAO 


llniay  be  stated  as  a  salutary  rule,  that  the  maximum  initial 
prcHsure  in  a  district  during  the  hours  of  the  heaviest  consump- 
tion should  not  exceed  '{ \\.  When  there  is  found  to  be  a 
T^«:easity   for    more,    the    trunk    mainS|    or    some    of    the    most 


contracted    mains   branching   therefrom,    should    be   replaced  b] 
larger  ones. 

Considerable  expense  must  be  incurred  in  any  systematic: 
attempt  to  reduce  leakage ;  but  wherever  in  a  district  the 
unaccounted-for  gas  exceeds  lo  per  cent,  of  the  make,  the 
expenditure  is  not  only  justifiable  on  sanitary  and  other- 
grounds,  but  is  eventually  found  lo  be  a  good  and  profitable= 
investment. 

Various  appliances  have  been  devised  for  testing  gas  mains  in 
the  ground.  Brothers*  apparatus  consists  simply  of  two  30-lighl 
meters,  one  of  which  registers  the  passage  of  gas  in  the  usual 
way,  and  the  other  is  made  to  act  as  an  exhauster,  either  by  con- 
tinuing the  spindle  of  the  drum  through  the  casing  and  attaching 
a  handle  to  it,  or  by  means  of  a  small  wheel  geared  into  a  larger 
one  on  the  periphery'  of  the  drum — the  former  being  actuated  by 
a  handle  from  the  outside.  The  main  having  been  severed,  and 
the  two  ends  carefully  plugged,  the  exhauster  inlet  is  connected 
to  the  live  main,  and  the  meter  outlet  to  the  dead  section  of  main ; 
the  exhauster  and  meter  also  being  joined.  On  the  exhauster  t>eing 
gently  turned,  gas  is  drawn  from  the  live  main,  and  forced  through 
the  meter  into  the  length  of  main  under  test,  and  thus  the 
amount  of  loss  in  a  certain  time  and  under  a  given  pressure  is 
indicated. 

The  great  cost  is  in  cutting  the  pipes,  reinstating  them,  and  find- 
ing the  exact  locality  of  the  escape.  To  obviate  the  necessity  of 
severing  the  pipes,  a  suggestion  was  made  at  the  meeting  of  the 
Manchester  District  Institution  of  Gas  Engineers  in  November 
1879,  that  water  valves  or  traps,  which  would  also  answer  the 
purpose  of  drip  wells,  might  be  permanently  placed  at  intervals 
in  the  line  of  mains.  These  traps,  having  a  diaphragm  extending 
to  within  a  regulated  distance  of  the  bottom,  on  being  charged 
with  water  would  form  a  hydraulic  valve,  shutting  off  the  gas 
from  any  section  of  main  as  desired,  and  enabling  a  lest  to  be 
made  without  difficulty  and  at  reduced  expense. 

Acting  on  this  suggestion,  Mr.  J.  H.  Lyon  has  introduced  an 
improved  syphon  box  or  hydraulic  valve,  for  attaching  to  mains, 
and  by  means  of  a  leakage  indicator  aihxed  to  stand-pipes  on  each 
side  of  the  box  or  valve,  the  quantity  of  gas  escaping  is  readily 
ascertained.     (See  Fig.  130.) 
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ELECTROLYSIS  OF  MAINS  AND  SERVICE 
PIPES. 

Since  the  introduction  of  electric  lighting  and  traction,  a  new 
danger  to  the  distributing"  mains  and  other  pipes  of  gas  under- 
ta.lcings  has  arisen — viz.,  electrolysis. 

For  the  protection  of  metallic  substances  buried  in  the  streets, 
the  Board  of  Trade  has  issued  certain  regulations  ;  but  there  is  a 
ciifTerence  of  opinion  amongst  eminent  electricians  as  to  whether 
these  regulations  are  sufficiently  stringent  or  not. 

Experiments  show  that  quite  small  potential  differences  between 
iron  surfaces,  buried  in  damp  soil  especially,  if  soluble  chlorides 
are  present,  may  bring  about  considerable  electrolytic  corrosion 
>n  ishort  periods  of  time,  and  that  there  is  no  absoEulL*  security 
■r»  the  limit  of  tJ  volts  as  imposed  by  the  Board  of  Trade 
Regulations. 

It  is  essential  that  managers  of  gas  undertakings  should  make 
**•  Ciirefu!  inspection  of  tlieir  mains  and  services  whenever  oppor- 
**-ir»ity  occurs,  and  note  if  any  corrosion  is  taking  place.  This  is 
*^sj>ccially  necessary  at  points  nearest  to  the  electrical  generating 
sta.tions,  which  are  known  as  *'  danger  areas." 

Electrolytic  troubles  due  to  electric  lighting  systems,  whilst 
^*f  importance,  are  less  so  than  in  the  case  of  electric  traction. 
They  will  be  due  to  leakage  from  badly  insulated  cables,  and  to 
*-He  fact  that  in  a  three  or  five  wire  system  the  middle  conductor 
>s   earthed. 

Whenever  electric  lighting  or  traction  is  introduced  within  the 
*^istrict  of  any  gas  undertaking,  every  endeavour  should  be  made 
*-^>  secure  the  utmost  protection  for  the  mains  and  service  pipes 
■rofn  damage  likely  to  be  caused  through  electrolytic  action  or 
direct  fusion. 

The  electric  cables  and  the  rails  should  be  as  far  distant  as 
P^^ssible  from  the  mains  and  other  pipes,  and  wliere  the  former 
^ross  the  latter,  the  mains  and  pipes  should  be  protected  by  some 
insulating  material. 

It  is  well  understood  that  it  is  not  at  the  point  where  the 
electric  current  enters  a  pipe  that  the  damage  is  done,  but  where 
'^  /ertxrx  the  pipe.     The  necessity,  however,  for  protectvng  t.V\fe^\^fc 
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at  the  initial  point  ts  evident,  in  order  to  obviate  or  diminish  t1 

risk  of  currents  entering". 

An  effort  should  be  made  to  obtain  the  insertion  in  the  Ordt 

of  any   Electric   Lig-htin^   or  Tramway   Company,    of  protectiv 

clauses  including  the  following  provisions  : — 

K  Where  the  distance  from  the  upper  side  of  any  main  o- 
service  pipe  belonging  to  the  Gas  Company  (or  local  ga!=^ 
authority)  to  the  lowest  part  of  the  cable  or  rail  of  tht 
Electric  Cable  or  Tramway  Company  is  less  than  2  ft.,  suci 
main  or  pipe  shall  be  lowered  by  the  Gas  Company  (01 
local  gas  authority)  at  the  expense  of  the  Electric  Lightinj 
or  Tramway  Company,  so  as  to  leave  a  distance  of  not  less 
than  2  ft.  between  the  upper  side  of  such  main  or  pipe  an( 
the  lowest  part  of  such  cable  or  rail. 

2.  At  any  point  or  points  where  the  cables  or  rails  cross  a 
main  or  pipe,  the  Electric  Lighting  or  Tramway  Companv 
shall,  at  their  own  expense,  lay  and  maintain  underneath 
each  cable  or  rail,  and  immediately  over  such  main  or  pipe, 
a  bed  of  asphalt  or  other  insulating  material,  not  less  than 
2  ft.  wide  by  6  in.  thick,  and  of  a  length  extending  2  it. 
beyond  such  main  or  pipe  on  each  side  thereof. 

3.  If  it  is  proved  that  any  injury  or  damage  to  any  main  or 
pipe  or  apparatus  belonging  to  the  Gas  Company  (or  local 
gas  authority),  or  any  loss  of  gas^  shall  have  resulted  from 
electrolytic  action  caused  by  any  currents  generated  or 
used  for  the  purposes  of  electric  lighting  or  traction, 
nothing  in  the  Board  of  Trade  Regulations  or  this  Order 
shall  relieve  the  Electric  Lighting  or  Tramway  Company 
from  any  liability  to  make  conrpcnsation  for  such  injurv, 
damage,  or  loss. 
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and  4  ir^ch^s  dutmiUr^  at  Hatta  from  &i.  to  £10  per  Ton,  {Calcidatfid 
t4>  th«  nearest  Penny.) 
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00     1107    9 

JOG  10 

UIO    3 

133    3 

[31     S 

166    41 

158    ? 

L57    7          H 

S    3    6 

„ 

07    7|ia>    3 

09  quo  M 

OH    4 

:i2    1 

134     1 

133     1 

168    7 

60  11 

69    0          ■ 

9    5    0 

.. 

109  10 

lay  10 

135  11 

134  10 

ItO    8 

63    2 

61  11         ■ 

9    7    6 

,. 

LtO    6{lia    3 

111     4 

i3r,   8 

137    9 

136  e 

IC3  U  1 

65     4 

164     1           ■ 

910    0 

1. 

U  11  113    9 

112  10 

ly?   6 

139    7 

138    6 

lt>5     1 

67    7 

66    4          ■ 

9  12    6 

.. 

113   cue   3 

HI     i 

l:V,»    4 

141     5 

140     4 

167     3 

69    9 

68    6          ■ 

9  16    0 

.. 

L14  11  116    9 

11  fi  if 

14!      1 

Uii    3 

149     S 

IWJ     5 

72    0 

L70    8          ■ 

9  17    B 

.. 

tti    SUB    3 

17     3 

142  U 

145     1 

144    0 

171    7  1 

74     3 

L79  IP          ■ 

10    0    0 
>7 

.. 

17  10119    QllB    9j" 

144    q 

146  11 

4r,  10 

173    91 

76     5 

176                ■ 

Sfi8 
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TABLES 

Of  the  Discharge  of  Gas ^  in  Cubic  Feet  per  iwur^  through  Pipes  of 
various  Diameters  and  Lengths  at  different  Pressures, 

By  Thomas  G.  Barlow.     Extended  by  Thomas  Newbigging. 

( The  spefifc graviiy  ofihtgas  is  taken  at  "4,  nir  hting  I.) 

The  tables  are  calculated  according  to  the  formula  given  by 
Trofessor  Pole  in  his  valuable  article^  "On  the  Motion  of  Fluids 
in  Pipes." 

Q  =  quantity  of  gas  in  cubic  feet  per  hour. 

/   =  length  of  pipe  in  yards. 

d  =  diameter  of  pipe  in  inches. 

h  =  pressure  in  inches  of  water, 

s  ^specific  gravity  of  gas,  air  being  i. 


Q=i35orf»y/'^ 


— (>.,  multiply  the  pressure  in  inches  of  water  by  the  diameter  of 
the  pipe,  also  in  inches.  Divide  the  product  by  the  specific  gravity 
of  the  gas  multiplied  by  the  length  of  the  pipe  in  yards.  Extract 
the  square  root  of  the  quotient,  which  root,  multiplied  by  the  con- 
stant quantity  1350,  and  the  square  of  the  diameter  of  the  pipe  in 
inches,  gives  the  number  of  cubic  feet  dischnrged  in  one  hour. 

Example. — It  is  required  to  find  the  number  of  cubic  feet  of 
gas  of  the  specific  gravity  of  '400,  which  will  be  discharged  in 
one  hour  from  a  pipe  8  in.  in  diameter,  and  1250  yards  in  length, 
under  a  pressure  of  j^,  or  i^  in.  head  of  water. 

Thus-(/r^)  =  8x  i''5-  12. 
W  s/^\/  '^xj2SO^  n/'°^4),  the  square  root  being- -1549. 
('350  d^^^t^)^  1350  X  64  X  -1549  ^  13.383  cub.  ft.  ^  Q. 
*  Sec  Kmg^s  Treatise^  Vol.  ]l.,  p.  374  et  seq. 
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Diameter  of  Pipe,  0*5  Inch, 


Length  in  ykrds. 

10. 

ao. 

30. 

fiO. 

7a, 

100. 

isa 

yunntity 

delivered 

Willi  01  in 

.  (^reHsure. 

37-7 

267 

SL'7 

16-8 

13-6 

11'9 

9  7 

0-2 

53-4 

87-7 

80-6 

23-8 

19-5 

10-8 

18-6 

08 

G5*a 

46-3 

&77 

29-1 

28-8 

20-7 

ia-8 

0-4 

76'2 

69-3 

49-2 

88-7 

27-6 

B8'8 

19'6 

,           Oft 

84-3 

69-4 

46-6 

37-4 

30-7 

26'7 

21-7 

1       0-u 

93' 1 

65-1 

63-3 

411 

33-7 

29  0 

23  H 

P       o-e 

106-7 

76-4 

ei-4 

47-5 

38-8 

83-7 

27  4 

]-0 

nO'i 

B4-8 

68*8 

53-3 

43-2 

87-7 

30-8 

V'2 

lao'O 

9a- 1 

7G-3 

E8-a 

47-6 

41-1 

83-7 

1-5 

146-1 

lOBB 

84-3 

CG-l 

63-3 

45-9 

37  a 

1-8 

1B9-9 

U3-0 

921 

71B 

GfiS 

fiO'A 

41-1 

20 

1C8'7 

llfl'l 

07-2 

76-2 

61-4 

53-8 

43-6 

2-5 

t* 

18a-6 

133'3 

loa-fl 

81  8 

6fl-8 

60*4 

48*6 

Diamet&r  of  Ptptf,  0*75  Inch, 


Length 

in  yards. 

10. 

90. 

BO. 

AO. 

7B. 

100. 

ifia 

(JtiKntiiy 

delivered 

with  O-l  Ic 

.  pressire. 

104-8 

78-8 

flO'O 

4G'& 

37-0 

82-9 

26  9 

0-2 

U7-6 

104-S 

81-9 

66-8 

63-7 

48-6 

37-9 

03 

179-9 

1268 

1043 

&0-9 

66'8 

670 

40  6 

0-4 

207-8 

146fj 

irj9 

93-2 

76-9 

65-8 

63-8 

0-6 

232  8 

1G40 

13^6 

108-2 

{M-2 

73-8 

60-0 

06 

254-8 

179-9 

140-6 

1139 

92-6 

79  7 

65  3 

0-8 

298-a 

2U7-8 

]6il3 

131-3 

1070 

92-6 

7a'9 

10 

828-a 

232B 

miiB 

14fi-6 

llfi'9 

103-2 

B4d 

1-2 

369-9 

2543 

307-3 

u;0'9 

131-3 

113-9 

112-6 

1-5 

402-4 

234-0 

232  3 

179-9 

UB  t> 

12U'9 

103  a 

1-8 

441-1 

3113 

2543 

192-2 

lGO-9 

138-9 

113-9 

2-0 

II 

4647 

32B-8 

2CS'0 

207  3 

109-3 

U6'6 

U9'9 

2'e 

!• 

619  4 

867-6 

2999 

232-2 

189-8 

164  0 

133  e 

Diameter  of  Pipe^  1  IncK 


LcUBth  In  yuds. 

IQ. 

20. 

80. 

M. 

76. 

100. 

isa 

Quantity  delivered 

with  O'l  m.  presHure, 

214-0 

ISIQ 

124  0 

95  0 

78-0 

670 

660 

o-a 

302-0 

214-0 

175-0 

i3:jO 

110-0 

95-0 

780 

0-8 

S6B-6 

260-6 

214-0 

165-0 

186-0 

117-0 

06  0 

0-4 

42(1-0 

301-0 

245-7 

190  0 

156-0 

I3fi0 

110-0 

0-6 

47B-6 

387-6 

274-0 

213-3 

172-8 

151  0 

123-0 

o-e 

622-4 

368-5 

801-0 

233-6 

190  3 

164-7 

135-0 

0-8 

608-4 

426-6 

848-3 

270-0 

2200 

190-3 

156'fl 

1*0 

675*0 

476-5 

;^H8-8 

8010 

246-7 

213-3 

172-8 

1-a 

738-4 

522-4 

426-6 

329-4 

270-0 

233-6 

190-8 

1-6 

826-2 

584-5 

476-5 

308-6 

301  0 

260-6 

213-8 

1-8 

904-6 

639-9 

622-4 

405-0 

329-4 

286-2 

233-5 

2*0 

964 -4 

675-0 

650-8 

420  fi 

848-3 

301*0 

245-7 

2-6 

1,066-6 

754-6 

615-6 

47{Jfi 

888-8 

337-6 

274  0 

^^H 

^^M 1 

^^^^^^ 

"^H 

1 

ZM 

B 

Md 

^^^^V          GAS 

ENGINEERS  AND   MANAGERS. 

^H 

^B                                    Diaimter  of  Pipe,  1*25  Inches.                                             ^^^k 

^B           Longtli  in  yardB, 

». 

CO. 

7R. 

100. 

150. 

200. 

H 

r             Qufctility  delivered 

r witb  0*1  iu.  prussuro. 

23G0 

167-0 

137-0 

118-0 

96*0 

&4"0 

68*0          ^^1 

H         O'a 

saB-0 

286-0 

i9a-o 

]|i70 

137-0 

118-0 

^^H 

^H             0-8 

407- 1 

2S9  0 

236-0 

205  0 

167  0 

344-0 

^^H 

^B       0'< 

470-8 

333-2 

272- 1 

23*1  0 

192  0 

167-0 

137-0            ^^B 

^^H            0-5 

607-8 

871 -B 

303-7 

263-6 

215-1 

187-0 

162-0             ^^H 

^B 

675-8 

407-1 

33;j-3 

286-8 

235-8 

203-9 

166-6             ^^H 

^H              0-8 

680-6 

470-8 

3b3-g 

333-2 

272-1 

S35-8 

192-3             ^^H 

^H 

744  6 

627-3 

430-3 

371-2 

303-7 

263-6 

216-1             ^^B 

^H        1*2 

816-8 

676-8 

470-8 

407-1 

333-2 

286-8 

236*8            ^^B 

^^H               1-5 

913-8 

646-4 

627-8 

456-6 

371-a 

322-7 

S63-6            ^^B 

^B             1-8 

900-8 

700-4 

675-8 

4<.»9-9 

407  1 

362-3 

386-6            ^^H 

^^v 

1.064-6 

744-6 

607-5 

627-8 

480  B 

371-a 

803-7           ^^B 

^1 

I 

U791       83S-3 

C79'2 

6B8'5 

480-9 

415*6 

339-6           ^^B 

^H                                        Dwmifter  of  Pipe,  1-5  Inehn,                                             ^^H 

^^^1            Length  in  fftrdfl. 

35. 

EO. 

715. 

loo. 

160. 

SCO. 

^H 

^^H        QDftntity  delivered 

^^1 

^^L     wiUi  01  io.  prenan. 

374-0 

264-0 

216-0 

187-0 

163-0 

1320 

107-0           ^^B 

^k&    <^a 

6^8-0 

374-0 

3O4'0 

264  0 

216  0 

187-0 

162-0           ^^B 

^^^B    08 

643-0 

458-0 

374-0 

322-0 

2(J4-0 

229-0 

^^H 

^^^^    0^4 

741  1 

625-4 

428-2 

374-0 

30-i-O 

264-0 

^^H 

^^V        o-s 

6292 

686  2 

470-9 

413-1 

339-5 

296-0 

239-0           ^^B 

^M            0*6 

911-2 

6^3-9 

525-4 

466-6 

870-5 

321-9 

261-3            ^^H 

^^B             0^8 

1,050-9 

741-1 

607-5 

626-4 

428-2 

370-5 

303-7            ^^H 

^H        10 

1, 175-5 

8J9-2 

077 -3 

68G-2 

479-9 

4131 

339-6            ^^H 

^^H 

1,287  9 

911-2 

741-1 

643-9 

625  4 

466-6 

^^H 

^^1            1'^ 

1,439-7 

1.017-6 

829-2 

719-8 

666 -2 

607-a 

^^B 

H 

1,676-4 

1.114-7 

911-2 

789-1 

643-9 

656-8 

465-6            ^^B 

^^H         so 

1.061-5 

l,175-6 

95U-8 

829 -a 

677-3 

686-2 

479-9            ^^B 

H      ^''^ 

1,868-9 

1,815  2 

1,072  2 

929-4 

759*3 

6661 

634-6                    ■ 

^^H                                         Diameter  of  Pipe,  2  Inches,                                              ^^H 

L                    LergU)  ia  yai4i. 

50, 

70. 

too. 

leo. 

aoo. 

800. 

^        J 

^^K         Quantity  delivered 

i^B       witb  0-1  ID.  preftsare. 

MO 

-141 

1181 

3H 

270 

220 

170            ^^B 

^B              &*i 

7ca 

U23 

540 

441 

aBl 

311 

^^H 

^^B 

9J4 

763 

nU5 

540 

dC8 

381 

^^H 

'^B        ^^ 

1,080 

im 

7ei 

623 

640 

441 

^^H 

B              O'G 

1,204 

083 

6^3 

697 

eo4 

492 

^^H 

^B         0*0 

1,5*19 

1,080 

934 

761 

6o9 

640 

416             ^^H 

■          &a 

l,r.23 

1^42 

1,080 

660 

761 

621 

^^H 

■ 

1.700 

i,a93 

1,204 

963 

853 

697 

^^B 

^m 

1.808 

i,52:j 

1.318 

3.060 

934 

761 

589             ^^B 

■         I'fi 

2,0iK) 

i,7(m; 

1,474 

1,204 

1,042 

853 

^^B 

■               1-8 

2,290 

i.b(« 

1,020 

1.318 

1,145 

934 

^^B 

■ 

2,414 

1^1 

1,706 

1.393 

1,204 

9S3 

701            ^^B 

■ 

2,700 

3,au8 

1,906 

1,566 

1,860 

1,109 

^^B 

1 

H 

1 

mC 

H 

NEWBiaarNG's  handbook 

FOR 

1 

H                                                Diameter  of  Pipe,  2*5  Inches. 

^H                           Length  in  ^Ardi. 

BO. 

75,             100.      j 

100.     1 

aoo.    1 

000. 

loa 

^^^^_             QuAntil^  delivered 
^^^B           with  0  1  itj.  preHare. 

1 

1 

943 

770 

067 

645 

471 

835 

298 

^^H 

1  ,a;« 

l.OW) 

943 

770 

667 

645 

421 

^^B 

1.G28 

1.336 

1,172 

943 

810 

667 

616 

^^m 

1.8H3 

1.540 

1,333 

]  ,1)90 

1M3 

770 

sno 

^^m 

2.10D 

1,721 

1,485 

1,215 

1,055 

861 

607 

^^H 

2.303 

i.f«a 

1.628 

I,&33 

1.148 

943 

731 

^^H 

a,666 

2»177 

1,882 

1,540 

1,333 

1,088 

844 

^^1 

2.978 

2,430 

2.109 

1,721 

1,485 

1,216 

943 

^^1 

3,266 

3,660 

2.308 

1,88-2 

1.628 

1.333 

1,039 

^H                   1-6 

3.653 

2,976 

2,582 

2,109 

1,823 

1,485 

1,148 

^^H           i-B 

8,?»99 

3.265 

3.827 

2.303 

2,000 

1.628 

1,266 

^^B              a-0 

4.319 

3.443 

2.978 

2,430 

2.109 

1,721 

1,388 

^^ 

4,717 

8,848 

8.833 

2,717 

2,354 

1.924 

1.485 

H                                                  Diameter  of  PipCt  3  Indus, 

^^^^m                   Len^h  in  r&rdf. 

100. 

IfiO. 

aso. 

600. 

750. 

1000. 

UfiO. 

^^^H             Qufttitity  delivered 

^^^H           Willi  01  in  pressure. 

1.0&4 

859 

GGfi 

471 

384 

833 

396 

^^H               <>-a 

1,440         1,214 

942 

ti«6 

643 

471 

875 

^^H 

1.B23    1     1,487 

1.153 

616 

666 

676 

529 

^^H 

2,102        1,713 

1,332 

042 

768 

606 

696 

^^■^ 

3.345        1,990 

1,4B3 

1,054 

869 

744 

666 

^^^^K            0-6 

2,576   !    2,102 

l,fi28 

1,162 

942 

815 

789 

^^^H           OB 

2,966 

2,430 

1,882 

1,3'24 

1,081 

942 

B45 

^^^H 

8,317 

2,709 

3,l&2 

1,482 

1,216 

1.052 

943 

^^^H       la 

3.645 

2,965 

3,296 

V628 

1,324 

1,152 

1,090 

^^^H         1-6 

4.070 

3317 

a,57B 

1323 

1,482 

1,288 

1,152 

^^^H           1-8 

4,469 

3,645 

2,819 

1,903 

l,tiS8 

1,409 

1,202 

^^^^p 

4.702 

3,839  1    2,965 

2,102 

1.713 

1,482 

1.324 

^^^^ 

6.261  1    4,289  |    8.317  |    2.345 

l,9iO 

1,652 

1.482 

Diameter  of  PfpCf  i  Inchet, 

^^^H                  LcngUi  in 

100.         s&o. 

m>. 

TM. 

IDOO. 

USO. 

tfiOO. 

^^^^R              CjunoUty  delivered 

^^^^H            with  O'l  ID  presBore. 

2,160 

1,306 

966 

788 

683 

611 

667 

^^H 

3.064 

1.932 

i.&ee 

1,114 

966 

864 

783 

^^^^ 

3.737 

2.366 

l,fi73 

1.3K6 

1,183 

1,058 

966 

^^^B 

4,320 

2.722 

i.yaa 

1,576 

1,366 

1,222 

1,114 

^^^H 

4.817 

3,04G 

2,100 

1.761 

1,526 

1,360 

1.245 

^^^H 

6.270 

3,340 

2,354 

1.33S 

1.672 

1,496 

1,366 

^^^^H            OH 

6,091 

3,H45 

2,722 

2,225 

1,932 

1,728 

1.676 

^^^^H        10 

6,326 

4,;H20 

H.o-iri 

2,484 

2,160 

1,982 

1,761 

^^^^H           1-2 

7.474 

4,730 

3,340 

2,723 

2,354 

3,116 

1.933 

^^^^^l 

8.369 

6,270 

3.737 

3,046 

2,036 

2,864 

3,100 

^^^^^l         l-S 

9,158 

6.789 

4,082 

3,346 

2,894 

3,693 

3.364 

^^^^H 

9,655 

6.091    :     4,820 

3.521 

8,046 

2,732 

3.484 

^^^^^ 

10,600 

6,626  :     4,817   \    3.931 

3,413 

3,046 

3.786 
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Diameter  of  Pipe,  5  Tnchea. 


I^agtb  Id  yardt. 

100. 

SCO. 

600. 

760. 

iwa 

ISOO. 

ICOO. 

t^aantity  delivered 

W'Uh  0*1  in.  pressare. 

8,540 

fl,245 

1,687 

1,996 

1,122 

1,000 

910 

(»-2 

5,006 

3,174 

2.246 

1.883 

1,687 

1,414 

1.296 

OB 

6.514 

8,888 

y.748 

2.iiii 

1,943 

1.733 

1,676 

0^4 

7.626 

4.769 

3,174 

fl.6tri 

3.946 

3,000 

1330 

0-5 

e.438 

fi,U33 

8,773 

fl,883 

2,606 

3,986 

1.934 

0-6 

9,21 4 

6339 

4.118 

8,174 

a,743 

3,449 

2,346 

0-8 

10.666 

6,760 

4,769 

S,681 

3,174 

2.928 

8.696 

1-0 

11.914 

7^628 

6,38» 

4,3M 

3,77a 

3,174 

3377 

1-3 

13.061 

8,fiS6 

6.639 

4,750 

4,118 

8,679 

3.876 

15 

14,614 

9.QU 

»,6L4 

6,883 

4,590 

4.na 

8.640 

1-8 

16.09H 

10,1 '25 

7. 166 

5.839 

6,06a 

4,633 

4,118 

»            2-0 

16.875 

10,665 

7.620 

6,143 

6,U38 

4.769 

4.864 

2-6 

16.866 

11.914 

t*,43B 

6.865 

6,040 

6,383 

4.860 

Diameter  of  Pipe,  6  Inchea. 


LeDcUi  in  yardi. 


Qu&ntity  delivered 
^wiih  0-1  io.  prwaure. 
0-2 
0-8 
0*4 

rO-6 
0-6 
0^ 
1-0 
1-a 
1-5 
1-9 
30 
26 


1    ssa 

500. 

8,770 

3,560 

6320 

3,770 

6,690 

4,620 

7,640 

6,820 

8.406 

6.970 

9,166 

6,6)2 

10.643 

7.628 

11.868 

8.40H 

13,025 

9.186 

14,680 

10,303 

16.941 

11,270 

16316 

U.MAB 

18,608 

13,268 

loO. 


1000. 


2.170 
3,l:)0 
3,770 
4,B-10 
4.B60 
6,320 
6,124 
6363 
7,633 
6,408 
9,186 
9,720 
10.836 


1,880 
2,li60 
3,270 
Jl,770 
4,210 
4,020 
5,320 
6.929 
6,612 
7.290 
7.970 
8,406 
9,380 


19C0. 


1500. 


1,680 
2.370 
2.920 

3,770 
4,130 
4,740 
6,320 
6,833 
6.613 
7.139 
7.52a 
8,408 


1,680 
2,170 
2,C0O 
3,000 
J, 430 
3,770 
4340 
4,860 
6,297 
5.970 
6.512 
6363 
7.679 


17B0. 


1,490 
2,010 
2.4GU 
'2340 
3.180 
3,460 
4,000 
4,600 
4,999 
6300 


7.098 


^ 


Diametrr  0/  Pipe,  7  Inchen, 

KjGii(tb  in  yards. 

SGO. 

SCO. 

7B0. 

1000. 

19M. 

leoo; 

ITSO. 

^UAUiiiT  delivered 
*»tfa  01  ui.  pnuan. 

5360 

3,930 

8,300 

9,780 

3,470 

3,370 

2.100 

L          <H            „ 

7,840 

6.660 

4,610 

3.930 

8,500 

fl.200 

3,960 

1          0^8 

9,600 

r.300 

6,660 

4300 

4.300 

3,920 

3,640 

^^cy4 

11.120 

7,840 

6,400 

6360 

4340 

4,640 

4,200 

^■C'6 

12.370 

8.760 

7,160 

0.200 

6,660 

6.060 

4.680 

^■0*6 

13.654 

9,685 

7,840 

6.800 

6,0»0 

6,660 

0,130 

^o« 

16311 

1 1 ,047 

H.90G 

7,640 

7,020 

6.400 

6,930 

1      J-0 

17.403 

12,370 

10,054 

8,732 

7,840 

7, ISO 

fl.fiiO 

1      1^ 

19,170 

13.564 

31.047 

9,0&.'> 

B,533 

7.805 

7,210 

1          1-6 

21.433 

16,148 

13.370 

10,716 

9,665 

6,750 

8.120 

1          1-8 

33.477 

16,697      13,664 

11.709 

10,462 

9.866 

6.864 

1          2D 

24,740 

17,463      14,289 

12370 

11,047 

10.064 

9,860 

L" 

27,651 

19,667      16,942 

13326 

12,370 

11,392 

10.462 

■^ 

1 

H 

m~ 

r 

1 

■ 

rm 

m^ 

^L             2G4                         NEWBIUGINO'S   HANDBOOK    FOR                       ^H 

^^^^^^k                                  Diameter  of  Pijje,  8  Inches.                                       1 

^F                           Len^  In  yardi. 

iM        coa 

Tsa 

1000.     1      l^HK 

1500. 

175a 

^^^K              Qauititv  delivered 

^^^H           With  01  ID.  prcaanre. 

7.760       6.470 

4.470 

8,680       3.460 

3.1G0 

2.920      ' 

^^1 

10.910 

7,760 

6.310 

6,470        4.880 

4,470 

4.130 

^^H                   08 

13.400 

9,450 

7,7tifl 

fl,700        5.9H0 

5.470 

6,050 

^^H                   0-4 

15,620 

10,940 

tl.'.*40 

7,760 

6.920 

6.320 

6,840 

^^m 

17.280 

12,200 

S),900 

8,640 

7,760 

7.020 

6,520 

^^^m            0-6 

18.922 

13,883 

10.940 

9,450 

8.480 

7,760 

7.150 

^^^^_            0-8 

2]  .861 

15,879 

12.614 

10,940 

9,780 

8,940 

8,260 

^^^^B            10 

24,366 

17,2«0 

14.0K3 

12.182 

10,940 

9,900 

9.237 

^^^H            1'2 

26.767 

18,922 

16,879 

13,383 

11,923 

10,886 

10.109 

^^^^1            1-fi 

29,694 

21.082 

17.280 

14,947 

13.363 

12,200 

11.300 

^^^^B           1-8 

83»746 

2a,]55 

18.022 

16,330 

14.602 

18,888 

12.S56 

^^^^V 

84,560 

24,866 

19,872 

17,280 

15,879 

14,063 

13,040      , 

^ 

38.621 

27,802 

29,291 

19,267      17,280 

16,726 

14,602 

H 

Diameter  of  Pipe,  9  Inches. 

1 

^^^B                   L«nK(b  In  yards. 

350.      1      500.      1      750. 

IflOO. 

125a 

JOOO. 

17B0. 

^^^^H              Qaantiw  delivered 

1 

1 

^^^H             with  Ot  111.  preesure. 

10.400 

7,3fi0 

0,850 

6,000 

4,660 

4.260 

8,950 

^^^^^ 

14,700 

10.400 

8,500 

7,580 

6,480 

6.00O 

6,620 

^^^^b           0-3 

18.000 

12,780 

10,400 

9,000 

8.300 

7.880 

6,80i: 

^^^^H       0-4 

20,800 

14,760 

12.700 

10.400 

0.300 

8.600 

7,900 

^^^^B 

23.182 

16,600 

13.420 

11.900 

10.400 

9,680 

e,80U 

^^^^B 

2fi,869 

17,93a 

14.760 

12.780 

11.400 

10t400 

9,660 

^^^^m 

89306 

20,667 

]t>,93t* 

14,760 

13,100 

12,000 

11.050 

^^^^1 

32.806 

28.182 

lH.9]e 

16.403 

14.760 

13.420 

i2.;iao 

^^^^H 

85,867 

25,369 

20.6C7 

17,033 

16,064 

14.1.5  J 

13.559 

^^^^B      i-fi 

40,181 

28,409 

23.182 

20,011 

17.983 

1B.6U0 

16.200 

^^^^K 

43.fl59 

3i,or,5 

25,869 

21.979 

10.688 

17, 9-33 

16,021 

^^^V 

■JG,3G4 

32,805 

26,681 

23,18'i 

20,667 

18.918 

17,600 

^^^^ 

51,332 

96,632 

29,853 

26.916     23,182 

21.105 

10.674     1 

H 

DianisUr  of  Pipe,  10  Inchss. 

^^^^H                 Z^eDgtb  In 

600. 

ISO, 

1000. 

]&W. 

ISOO. 

ITM. 

sooa    j 

^^^H              Qntntity  delivered 

1 

^^^H              vritti  0-1  in.  preaaure. 

g,5fio 

7.fiO0 

6,750 

6.050 

f),620 

6,100 

4.7SO 

^^■_ 

33.600 

11,040 

9,660 

8.r.20 

7,800 

7,300 

6.750      * 

^^^^^L 

1 

36;«)0 

13.500 

11,700 

10.i;20 

9,660 

8,850 

8,259      \ 

^^^^^H 

M 

19,120 

15.600 

la.uOO 

12.]  00 

n,mo 

10.200 

9.5ri0 

^^^^^H 

f 

21.300 

17.400 

15,050 

llJ.f.OtI 

12,Ji80 

11,400 

10.650 

^^^^^H 

23,355 

19.190 

10,500 

14,800 

13,500 

12,500 

11,060 

^^^^^H 

1 

27,000 

22.006   1  19,120 

17.050 

15,600 

14.400 

13,500 

^^^^^B 

t 

80,106 

24,.''j70      2I.3:W 

19,  J  20 

17,400 

16,150 

16.060 

^^^^^B            1-2 

1 

82,940 

27.000      2H,:ir>5 

20.'.)!] 

19,035 

17,.550 

10,678 

^^^^^H 

1 

IHS,855 

yo.Kis 

20.055 

23.355 

21.300 

19,600 

18.5X 

^^^^^H       IS 

• 

40,500 

32,1)40 

23,620 

26,515 

23.356 

21,600 

20.250 

^^^^Hl 

> 

42.660 

34.830 

30,105 

27,000 

24.670 

22.600 

21.300 

^^^^^ 

» 

47.666 

88,680 

83,760 

80.106 

27.640 

26,601 

28,760 

^ 

M 

^^1 

1 

W~ 

■ 

■ 

^^^■Hii 

^^^^^H 

^^^^p 

KNOINEKRS   AND   MANA(;EBS. 

^H 

^^^                              Diattieter  of  Pipe,  12  Incfies,                                               ^H 

IL^nftb  la  jardL 

DOD.            750.      1 

1000. 

la&o.  1    1500..  1 

MOO.                  ^^1 

Q  tj  autity  delivered 

I 

^^1 

^ritLi  01  in.  pressure. 

10,100       12,300 

10,700 

9,560  1 

8,700 

8.060 

^H 

K           ^^ 

21.400       17,400 

15.100 

13,450 

12,300 

11,860 

10,700               ^H 

■ 

26,100      21.400 

19,600 

16.500 

16,100 

13.880 

13,050                ^^1 

■ 

aO,2(»      21.500 

21.400 

19,100 

17,400 

16,100 

15,100                ^H 

■ 

83.600      27, COO 

•i^i^JO 

21,400 

19,440 

18,060 

16,800                ^H 

■ 

86,741      30,aO0 

20,100 

23,300 

21.400 

19,800 

19,500                ^H 

■            OD             , 

42^73      34,609 

3O.'i0O 

26.000 

24,600 

23.700 

21,4{)0                ^H 

■            1<)             » 

47,483      aS.SBO 

».1,f»)l 

30.200 

27,600 

26,450 

23,800                 ^^1 

■ 

62,009      42.578 

30,741 

32,853 

30,112 

27,799 

26,04'J                ^^1 

■ 

68,320     47.438 

41.212 

36.741 

33,600 

81,260 

29.960                ^H 

■ 

03,703      52,009 

45,100 

40.396 

36.741 

84.020 

81,881                ^H 

■ 

67,262      64.820 

47,433 

42.573 

38,880 

30,100 

33,600                ^H 

■              '■' 

75,233      61,430 

63,071 

47,433 

48,361 

40,240 

^B 

^P                                       Dinmeter  of  Pipft  14  Tnch^4,                                               ^^M 

Vtngih  in  yftrds. 

600, 

?D0. 

1000. 

laso. 

ISOO. 

1750. 

3000.            ^^m 

QnntUy  delivered. 

■ 

"■iiliOlin.  proaeurt 

22.100 

18.100 

15.000 

13,050 

13.750 

11.800 

11,060              ^H 

^             OH 

81.900 

25,500 

22,100 

19,800 

18,100 

16,700 

16.600              ^H 

■             03 

38.400 

81,200 

27.100 

24.250 

33,100 

30,500 

19.200               ^H 

m 

44.200 

36.200 

31,200 

27,1100 

36,500 

23,600 

23.100               ^H 

■            0-5 

49.400 

40,400 

35.000 

31,200 

28,600 

26,460 

34,700               ^H 

■            06 

64,2m 

44,200 

;1S,400 

34,.'iO0 

31.300 

28,900 

27,100               ^H 

■ 

G2,44& 

61,067 

44,'200 

39,000 

30,300 

33.400 

31,300               ^H 

■            1-0 

09.Sfi4 

57,153 

49.480 

44,200 

40.400 

37.300 

36.000               ^H 

■ 

76,(»I 

63.445 

54.216 

48.421 

44,188 

40,980 

88,340               ^^M 

■        1-c 

85,730 

60,854 

(10.593 

54.216 

4'.»,400 

46,700 

43,000                       H 

■        1-a 

IW.'.KW 

75JJ81 

00,414 

59,270 

54,210 

M.OOfJ 

46,834                         1 

■        1*^ 

9e.9*Kt 

80,703 

0:1,854 

03,445 

57.153 

62.920 

49,400                         ' 

1 10.002 

90,228 

78,208 

69,854 

63,768 

59,005 

65,301 

^p                                       Diameter  of  Pipe^   16  Inches. 

^•_^^l*itEtli  in  yard*. 

UW.      1      7^      1      1000,    1      1360. 

ICOQ.           ITSD.    1      900Q, 

^B    QuKntitY  delivered. 
H  ^iLh  01  in.  pressnro 

! 

26.300 

21,400     1B,G00 

16.CO0 

15,200      14.000 

13.150 

■ 

37.200 

30,100 

30,300 

23.600 

21,400      19.900 

18.000 

B 

46.000 

37,200 

32^160 

28,760 

26.300      24,300 

22,7.W 

■ 

52,(100 

42,mi 

37,200 

33.300 

30.400   ,  38,000 

36,300 

■           0-6            „ 

58,700 

48,000 

41.000 

37,300 

34,000   1  31.400 

29,350 

■ 

C4.396 

02.1W0 

45,500 

40.700 

37.200      34,460 

32.250 

^1            09 

74.115 

00.750 

62.600 

47.000 

42,800   1  39,800 

37;200 

■ 

b2,U23 

07.730 

68,633 

52.(«a 

48,000      44,400 

41.000 

■             IS 

91,126 

74.115 

64,305 

57,408 

52.548      -W^OUO 

45,502 

■ 

101,75G 

82,923 

71,983 

G4,3*)5 

58.700      64,300 

60,800                         J 

■ 

111,470 

91,126 

78,914 

70.470 

64,895      69,636 

66.58ri                        J 

V            2-0 

117,561 

!    95,986 

83,923 

74.116 

67.730      62.B0O 

58,700                        1 

■ 

131,623 

1 107,233  1  92,947 

83,5tt!3 

75,937      70,  IW 

C5,G10                         1 

LI             J 

■^ 

1 

■ 

c 

■ 

^H 

L 

■ 

n 

H_ 

■ 

^H                26G 

NEWBIUGINHi'S    HANDBOOK    FOR                       ^H 

^^H                                              Diamster  of  Pipe,  16  InehsM. 

^^^^H                    Ifcnglta  in  yudh 

eock 

7n}. 

1000. 

laso. 

1GOO» 

1750, 

^^^H              Qu«Qdty  delivered . 

^^^^M           wilb  0  1  in.  pressure. 

31.000 

26.260 

21,850 

19.560 

17,850 

16.550 

16.500 

^^^■^ 

4H.700 

36.700 

31,000 

27.700 

25,260 

23.400 

21.850 

^^^^^K 

M.tiOO 

43,700 

:i8,ioo 

34,000 

31,000 

28.700 

2i;.800 

^^^^H        0*4 

62.000 

50,500 

4a  .700 

39.100 

35,700 

33,100 

31.000 

^^^^H 

69.130 

56.000 

49.000 

43,700 

39.900 

37,150 

34,560 

^^^^H 

75,686 

G2.0OO 

5H,fi00 

17,U00 

43,700 

38,100 

40.700 

^^^^H 

87,402 

7i,wa 

62,000 

55,400 

50.600 

46,800 

43.700 

^^^^^H 

ff7,4ea 

79,488 

09.120 

62,000 

56,600 

52,400 

49,000 

^^^^^B 

I0r;.0i.6 

87;402 

76,686 

67,703 

61,510 

57.024 

53.633 

^^^^^*^ 

119,577 

fJ7,-lfi9 

84,326 

75.686 

69,120 

63,900 

60.100 

^^V 

1»0,^2 

107,0ft6 

92,620 

82,944 

75.686 

70,087 

65,318 

^^^B 

138,240 

112.6<i6 

97,459 

e7.-10'2 

79,488 

74,300 

69,120 

^^^B                       9*6 

154,463 

126444 

100.20Q 

07.459 

89,164 

82,698 

77,068 

^^^H                                               DiaiMter  of  Pipe,  18  Inchifi. 

^^^^H                    LoDgtb  Lu  jr&jpiU, 

eo9. 

TBO.            1000. 

15O0. 

aooo. 

2600. 

MOD. 

^^^^^              i^uantitv  delivered 

^^^^H            wub  01  in.  prcaaure. 

41,400 

83,800      2*.>.400 

23.900 

20,700 

18.400 

16,900 

^^K^ 

68  .BOO 

47,800      41,400 

3^,800 

29.400 

96,200 

23,900 

^^^^K 

71.600 

58,800 

60.800 

41,400 

36.900 

32.r«i 

29.400 

^^^^m 

B2.800 

67.600 

68.800 

47.8CO 

41,400 

3f..800 

33300 

^^^^1 

02,600 

76.700 

65,600 

63.600 

46,300 

41.400 

87350 

^^^^1            0-6 

101.476 

82,800 

71,800 

69.800 

50,800 

45.400 

41.400 

^^^H            0-8 

117,228 

95.790 

82,800 

67,600 

58,600 

62,800 

47,800 

^^^H            I'O 

131,220 

106,725 

92,728 

75.700 

66,600 

66,800 

68,500 

^^^^H       1*2 

143,467 

117.223 

101.476 

82.668 

71.738 

64,264 

58.611 

^^^H 

161,400 

181.220 

113.636 

92,728 

80,000 

71,800 

65,600 

^^^^H 

17fi,S34 

148.467 

124.221 

101,476 

87,917 

78,782 

71,733 

^^^^V 

}Hr,,i{i7 

151,340 

181,220 

106,725 

92,728 

83,800 

75.700 

^^^^^^ 

iW7,327 

I6i>,a73 

146.529 

119>410 

103,663 

92.728 

64.600 

^^^m                                              Diameter  of  Pipe,  20  htchet. 

^^^^H                   Length  In  yarOa. 

&00. 

7&0. 

low.    1    IWO. 

JKOO. 

ssoo. 

9000.         ' 

^^^^B              Quuilitv  deliTered 

^^^^B            vitb  01  ID.  preaaure. 

54,000 

44.000 

38.a£0 

31,200 

27.000 

34,900 

SS,000 

^^m 

76,500 

62.400 

64,000 

44.000 

38,260 

84,200 

81.S00 

^^H 

93.&00 

76,600 

66.100 

64.000 

46,750 

41,800 

38.260 

^^l 

108,000 

88,000 

76,500 

62,400 

64,000 

46,400 

44,000 

^^^L                    0-6 

120,500 

98,800 

85,300 

69,800 

62,250 

64.000 

49,«0 

^^^^K           0-G 

131.760 

106,000 

93.600 

7o.ftno 

66,100 

59.100 

544B 

^^^^B 

lfi2,28Q 

124.200 

108,000 

88,0U0 

76.600 

68.400 

oigH 

^^^^K      1-0 

170,640 

139.320 

120,420 

98.800 

85.300 

76.600 

69.9W^^ 

^^^^H 

I8G,tH0 

162,280 

131,760 

106.000 

98.420 

83,646 

76,140 

^^^^H        i-fi 

206,980 

170,640 

147,420 

120,420 

102,300 

93,6C0 

86,300 

^^^^V           1-8 

228,900 

166,840 

162,000 

131,760 

114,480 

102,060 

93,420 

^^^^B        s-o 

241,380 

197.100 

170.640 

139.320 

120,420 

106.000 

98.800 

^^^^■^ 

270,000 

220,820 

190,620 

155,520 

136,000 

120,430 

110,200 

B, 

^ 

^^^^^^H 

^^^^^        UA8   ENQINEERa   AND    MANAUEKS. 

867 

■                                    DiamM^r  of  Pipt,  22  Jnch4s. 

l.«os«Ji  ill  yvd*.          \      ttXK      I 

76a 

1000. 

ISOO. 

gnnn 

acoQ. 

Booa 

Quuitity  delivend 

'VritL  O'l  m.  premare. 

68.600 

66,000 

48.400 

39,r<l0 

84,300 

30.700 

28.000 

HL             ^'i 

96,800 

79,900 

68.600 

66,000 

48,000 

43,400 

39,600 

ft            ^^ 

118,800 

96,800 

84,000 

f«,raj 

69,400 

53,300 

46,400 

■_  s:^ 

237,300 

113,000 

90,800 

79,,ano 

08,600 

01.400 

66,000 

^^&S:^ 

1(;S,600 

133,600 

109,200 

88.000 

76,800 

68,400 

61,900 

^^■s:s 

168,677 

137,300 

11B.800 

96.800 

8*l,000 

75,000 

68,600 

^Vo-a 

198.'106 

168,189 

137.900 

112,000 

96.B00 

80.500 

79,200 

■          1-0 

216.275 

176.418 

163,896 

133,600 

108,900 

90  300 

HH,tX)0 

H          >'3 

237,184 

198,406 

168,677 

136.660 

116.366 

106350 

06,703 

^H !  S 

966.380 

916,976 

187,696 

169396 

133.000 

118300 

106.300 

^H  i'® 

900.697 

937,184 

909,8fM) 

16ejS77 

146,064 

180,096 

118.366 

^^  v^ 

806,444 

940,606    316,976  1 

176,418 

162,886 

137,900 

laa.rrfio 

^           fl'6            ..               343,881  |279,GM  |M9,9B0  | 

197,396 

171490 

169.806 

140.000 

H                                    DiameUr  of  Pipe^  24  Imbes, 

Length  In  yard!. 

fioa 

750. 

ItlOQ. 

IfiOO. 

UUOO.           2C0D. 

BOOO. 

QaaDtitj  delivered 

'^wilh  01  ID.  proMure. 

w.nnn 

68,000 

59,600 

48,600 

40,000      37,600 

34,900 

»            0-3       "^  „ 

IID.OOO 

97.000 

84,000 

06.600 

60.600 

63,400 

48.600              ^^ 

H           0^3 

146,r>00 

119,000 

iO;l,(XK) 

84.000 

79.700 

66,900 

69.600              ^H 

■ 

ItiB.OOO 

1!17.300 

1 10,000 

97.000 

84,000 

76,000 

68,000              ^^H 

■        as 

167.600 

165,000 

Kto.iiOO 

108.600 

93.800 

84,000 

77.600              ^H 

■ 

908,996 

168,000 

I46.i)00 

119,000 

108,000 

99,000 

84,000              ^H 

■            D-8 

9IO,&00 

196,666 

106.000 

137.900 

119.000 

106,000 

97,000              ^H 

■ 

960i>«0 

919,983 

189.734 

166.000 

136.600 

119,000 

108,600              ^^H 

W           1-a                          9M.710 

940,900 

908.896 

170,994 

146,906 

131,414 

I30,4ri0          ^H 

B      1^ 

899.702 

989,049 

333.380 

109.784 

163.000 

146.600 

136,tX)0              ^^M 

V 

860306 

904,710   966,069 

906.396    180,408 

161,686 

146.066              ^^H 

^            iH) 

380,046 

SU,040    989,040 

319,988    189,784 

168,000 

16530O             ^H 

2-5 

435,347 

347,687    300,931 

246.731    212,384 

189,734 

172,000             ^H 

Diameter  of  PijM,  26  /ficArt.                                                       | 

Lnnstb  ilk  yftrds. 

760.           100(1.     1      l£UO. 

»J(Kt, 

VfiOO. 

»W}. 

41XX). 

Qttintity  delivered 

'W^itbO'l  io.  pressure. 

86,000     78J»0O 

80.000 

52,000 

46.500 

49.600 

86,760 

0-2            „ 

190.000    104,000 

86.000 

73,600 

66,800 

60,000 

69,000 

03 

U7,O0U    137,000 

104.000 

90,000 

80,600 

7a.600 

68,600 

0-4 

170.000    147,000 

130.000 

104.000 

98.000 

86,000 

73.600 

0-5 

189,000    166,000 

:  134,000 

116,000    104.000 

94.600 

83.600 

o-fi 

SWi.OOO    180.000 

;  147,000 

197.000  1  IM.UOO 

104,000 

90.000 

0-8 

3-10.013    30H.OOO 

170,000  !  147,000    133,0<X» 

190.000 

104,000               ^_ 

i-o 

SJ^.^Oi    3H2.631 

180,000 

166.000     147.000     131000 

116.000             ^H 

la 

9iia367    264,615 

906.079 

179,783  (  UlO.ttIT  |  M(V.<»2S 

12li.K51              ^H 

1-5 

836A%  >  384.731 

1  333,631 

901.000 

180,000  ,  liWl.OOO 

I  M2.U00              ^H 

Ifl 

860,386  !  813.109 

1  964.616 

990.666 

107,121  ,  170.7*^-2 

166.0r,4            ^H 

80            .. 

870,641    838,636 

968  304 

939.G31 

90fi.000  ■  IWt.OOO 

I  16.1,000             ^H 

25 

424,359    367.777 

:J00.345 

3f')0.0»l  13:{3.»31  1  313.000 

1  184.000                     1 

30            „             1466,334    403.466    338,636  ;  2d4,731  ]  364.616  1333.621 

901.000                      1 

1 

■c 

^M 

^H 
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Dianuter  of  Pipf,  28  Inches. 

Lcnstb  in  jrards. 

lOOD. 

lAOO. 

SflOO. 

ifioo. 

BOOO. 

4000. 

CUOD. 

QuftntU^  delivered 

with  0  5  in.  pressure. 

198  000 

161,000 

110.000 

12S.00O 

114.600 

W).O0O 

88.(;00 

ofi        „ 

21G,8ri6 

176,762 

163..%2 

130.Ca3 

124,tl91 

107.966 

.^'^J,i 

08 

a49.78a 

304.271     176.762  1 

157,701 

143.942 

124,891 

111,978 

10 

380.000 

039,000 

198,000 

177,000 

161,000 

140.000 

126.000 

13 

300,724 

a49,7H2 

216,866 

li)3,1187 

176.762 

163^63 

130.633 

16 

343.W1 

SbO.OOO 

241,000 

316.000 

198,000 

17l.ftl0 

163.600      - 

Ifl 

376.626 

30rt,72-l 

266,668 

387.081 

216,866 

18r7,aS6 

167,227 

90 

396.841 

322.812 

280,000 

350/)00 

229,000 

198,000 

177.200 

36 

442,411 

miO.Kll 

318,074 

380/100 

356,000    933.000 

196,000 

80      .; 

4tM.747 

a'J5,341 

942,931 

806.724 

280,000    341.000 

216,000 

Diam/i&r  of  Pipe^  80  hiche$. 

Length  In  jmrds. 

lOOO. 

aooo. 

8000. 

4000.     1     6OO0. 

760a 

10000. 

Quantity  delivered 
with  0-6  io.  preBsare. 

234,000 

IR6.000 

136,000 

117,000 

105,000 

86.000 

74,600 

0-n 

a57,5tW 

l^^/ZIO 

148,230 

138.790 

115.183 

94.au 

81,406 

oe 

2W1.4tiO 

210,11)5 

I7l.ai6 

14B,2aO 

132,435 

lOK  1.15 

94,041 

10 

332.000 

•114,000 

192.000 

166,000    149,000 

i2i.ri00 

105.000 

la 

3ti'l„^00 

CoT.r.'O 

210.195 

182.360  ;  162310 

Kia436 

115,189 

1-5 

■107,02ri 

287,000 

2:^4.000    203.000    182,000 

14'.' .000 

128.500 

1-8 

■li.^.'tor, 

:nr,,Gr,7 

2.'i7.5h0  ;  222.345     lSl1*,a» 

162.810 

140.940 

a-0 

470;305 

331.695 

270.000 

234.000  j  310,000 

1721X10 

149.000 

' 

36 

f)2«J.095 

371,790 

a03.760 

263,000    334/)00 

192.000 

166.000 

30 

575.'.nO 

107.025 

381.606 

987,066    367,000 

310.000 

182,000 

M 

40 

BG4.G06 

470.906 

383.940 

881,696    998.000 

348,000 

310.000 

DinmeUr  of  Pipe,  86  Inekta,                                        i 

licftgth  in  jrardB. 

looa       9000. 

SOM. 

4ooa 

6000. 

7S00.     1     10000. 

Quantity  delivered 
with  0  5  (d.  presBure, 

i 

370,916 

262,440 

213.451 

185.457 

]i;^,W12 

135.419  ,117.323 

^^^^^^P 

00 

405.907 

286,934 

234,446 

902,968 

I&IJBJ 

146.366 

137.790 

^^^^^^ 

0-8 

468,8921  B30,fi74 

271.013 

234.446 

309,952 

171.285 

148.366 

10 

590,000 

870,000 

SO:  J  ,000 

2G5,000 

2:m,000 

192.000 

166.000 

12 

573.868 

m,wi 

3;iO.«i74 

286,934 

257.016    209.952 

181,78U 

1-6 

642.103 

466,000 

372.000 

322,000 

388,000 

384.900 

304.000 

l-fl 

703.33? 

496.886 

406.907 

35l,fitl9 

814,938 

967.016 

329,199 

SO 

741. 83C 

624.880 

428,000 

372.0CO 

332.000 

371.000 

334.000 

a-6 

829.3K 

686.116 

477.640 

4]6/)00 

372.000 

303.000 

365.000 

8-0 

908.04S 

643.103 

634.880 

454.646 

407,000 

332,000 

368,000 

40 

1049,76C 

742,180 

606,361 

634.880 

468,893 

384,000 

833.000 

The  foreg^oing  t 

ablcs  are  calculated  upon  the  basis  of  the  specific 

gravity  of  the  gas 

being  '400.     The  quantity  of  gas  of  any  other 

specific  gravity  di 

scharged  may  be  ascertained  by  multiplying  the 

quantity  indicated  * 

n  the  table  by  "(1325  (the  square  root  of  '400),  and 

dividint^  by  the  sqi 

uire  root  of  the  specific  gravity  6f  the  uther  gas. 

4 

_ 
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ExAMi'LE.  —  If  a  ij-in.  pipe,  io(K)yds.  lont;,  discliargcs  23,8ck) 
cub.  ft.  of  gas  per  hour,  specific  gravity  '400  at  0*5  in.  pressure, 
How  much  gas  will  the  same  pipe  discharge,  at  the  same  pressure, 
when  the  specific  gravity  is  '560  ? 

23,800  X -6325^  6  cub,  ft. 

7483 

The  quantity  of  gas  discharged  at  any  other  pressure  may  be 
ascertained  by  multiplying  the  quantity  indicated  in  the  table  by 
the  square  root  of  the  new  pressure,  and  dividing  by  the  square 
root  of  the  original  pressure. 

Example. — If  a  quantity  of  gas  equal  to  23,355  cub.  ft.  is 
discharged  in  one  hour  at  a  pressure  of  1*2  in.,  what  quantity  will 
t>e  discharged  through  the  same  pipe  at  2*2  in.  pressure? 

g3»355x^'4832- 
i'0954 

To  facilitate  these  calculations,  tables  are  annexed  of  the  square 
r*oots  of  specific  gravities  from  -350  to  700,  rising  '005  at  a  time  ; 
^■nd  of  the  square  roots  of  pressures  from  y\^  of  an  inch  to  4  in., 
■"ising  f\f  at  a  time. 


31,623  cub.  ft. 


TABLE. 
89mr4  Root  0/  the  Specific  Gravity  of  Gas  from  '860  to  -TOO. 


^KJT 

Bpeotflo 
Qrmvi;y. 

Sqiuure 
Book 

dpeoitlc 
QrftTiiy. 

BguKxe 
Hoot. 

Bpeciilo 
Gravity. 

BquMie  B 
Root,  a 

peoIHo 
ntrlty. 

BoDftr* 
Root 

-8S0 

•6916 

•426 

■6519 

•4% 

-7085 

•565 

•7517 

•686 

•7969 

-866 

-0958 

-480 

•6557 

■500 

■7071 

■670 

•7649 

•640 

'8000 

-B60 

*8000 

'486 

•6595 

•505 

■7106 

■676 

•7683 

645 

■8031 

-856 

'8041 

-440 

•6633 

•510 

•7IJ1 

■6«0 

•7616 

650 

-8062 

"870 

•6068 

-446 

•6671 

•515 

■7176 

-566 

•7648 

665 

■8093 

'875 

'61S4 

-460 

•6708 

■5'^ 

•7212 

•690 

•7681 

660 

•8124 

'380 

•6164 

-466 

•6745 

•625 

•7246 

-596 

-7718 

666 

■8166 

'886 

'6906 

•460 

•67B2 

•530 

■7280 

•600 

•7746 

670 

•8185 

"8iO 

•6946 

■465 

-6819 

•636 

•7314 

•606 

■7778 

676 

•8216 

-8»6 

-0986 

•470 

•6856 

•540 

•7348 

-610 

•7810 

680 

-8246 

'«0 

■6896 

•478 

■689*2 

•646 

•7382 

•615 

•7842 

68.5 

■8276 

-4» 

-6864 

•480 

■6928 

•660 

•7416 

•620 

•7874 

690 

■8306 

'410 

•6408 

-486 

•6964 

•566 

•7449 

•625 

•7906 

696 

■8387 

'416 

-6449 

-490 

•7000 

-660 

•7483 

-680 

•7937 

700 

■8367 

'4ao 

-6481 

■ 

( 

1 

«70 


NEWBiaGINO^rTlANDBOOK   FOU 


TABLE. 

Square  Root  of  Pressures^  rising  by  Tenths  of  an  Jnch,  from 
Otte-  Tenth  to  Four  Inches. 


Inches  and 

Square 

Inches  and 

Sqiuire 

Inches  and 

Square 

Tenths. 

RooL 

Tenths. 

Ronl. 

Tenths. 

Root 

•1 

*3i62 

x'S 

I  225 1 

3-8 

"•6733 

*« 

•447a 

1*6 

1-3649 

2-9 

1-7029 

'3 

•5477 

>7 

13038 

3*0 

«73»o   ■ 

"4 

-6324 

1*8 

i-34»6 

3< 

17606    ■ 

S 

■7071 

1*9 

13784 

3*a 

1-7888  w 

•6 

7745 

a*o 

1*4142 

3 '3 

I-BI6J 

7 

-8366 

a*i 

i'449i 
1*4832 

3'4 

»«439 

Z 

•8944 

3*2 

3  "5 

1-8708 

9 

-9487 

a -3 

<-5i65 

3-6 

1-8973 

lO 

1*0000 

a*4 

>'549i 

37 

i*9a35 

I'l 

1*0488 

2'5 

1  581 1 

3-a 

1*9493 
1-9748 

l*a 

«'0954 

2-6 

1*6123 

39 

'3 

11401 

27 

1-643* 

4-0 

»  ■* 

11832 

Should  it  be  required  to  find  the  pressure  in  inches  of  water 
to  discharg'e  a  certain  quantity  of  g-as  of  tjiven  specific  gravity 
in  an  hour,  through  a  pipe  the  dimensions  of  which  are  knowni 
the  formula  is — 

— i.e.,  multiply  the  square  of  the  number  of  cubic  feet  of  gas  to  be 
discharged  in  one  hour  by  the  specific  gravity  of  the  gas,  and  by 
the  length  of  the  pipe  in  yards  ;  divide  the  product  by  the  square 
of  the  constant  number  1350,  multiplied  by  the  diameter  in  inches 
raised  to  the  fifth  power,  and  the  quotient  is  the  pressure. 

Example. — It  is  required  to  find  the  pressure  in  inches  of 
water  to  discharge  in  an  hour  12,000  cub.  ft.  of  gas,  specific 
gravity  *5,  through  a  pipe  8  in.  in  diameter  and  1900  yards  long. 
Then — 

Q^  X  s  y- 1  _  144,000,000  X  -5  X  1900       136,800,000,000 
1350*  X  d^  1,822.500  X  32,768  59,719,680,000 

If  the  diameter  of  a  pipe  is  required  which  will  discharge  a  given 
quantity  of  gas  under  a  given  pressure,  we  have  the  formula — 


I  2•^  in., 
)   nearly. 


7, 


(•350)'/' 
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This  can  easily  be  calculated  by  a  table  of  logarithms — thus  : 
log.  */=i  (2  log.  Q  +  log.  j  +  log.  /-  2  log.  i350  +  log'  A-) 

Example. — It  is  required  to  find  the  diameter  of  a  pipe  1240 
yds.  long,  to  discharge  48,000  cub.  ft.  of  gas,  of  the  specific 
gravity  *4,  in  one  hour,  with  a  pressure  of  2  in.     Then — 


2  log.  Q  =  2  log.  48,000 
log.  s  ^     log.  '4 
log.  /  =     log.  1240   . 


2    log.    1350  » 6*2606676   I 

log.   /f    =    Ic^.    2    =0*3010300  j 


9-3624824 
=      —  1  "6020600 

3'09342>7 

12-0579641 
^       6*5616976 

5  )  5  "4963665 


log.  d 


>  '0992533 


Therefore  d~  13  in.,  nearly. 


The  following  axioms  are  worth  remembering:  — 

1.  The  discharge  of  gas  will  be  doubled  when  the  length  of  the 
pipe  is  only  J  of  any  of  the  lengths  given  in  the  tables. 

2.  The  discharge  of  gas  will  be  only  J  when  the  length  of  the 
pipe  is  four  times  greater  than  the  lengths  given  in  the  tables. 

3.  The  discharge  of  gas  will  be  doubled  by  the  application  of 
four  times  the  pressure. 


Ha%idy  Rule  for  finding  (approxinmiely)  the  CofiietU  of  a  Pipe  in 
Gallons  and  Cubic  Feet. 

Rule. — Multiply  the  square  of  the  diameter  of  the  pipe  in 
inches  by  the  length  in  yards,  and  divide  by  10  for  gallons  and 
by  60  for  cubic  feet. 

Example — A  pipe  is  6  in.  diameter  and  400  yds,  long,  what  is 
the  content  ?  then — 


^      -roo=    240  cub.  ft. 
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SERVICE   PIPES  AND   FITTINGS. 

In  the  term  service  pipes  are  included  all  pipes  branching  out 
of  the  mains  to  consumers'  meterSi  and  for  the  supply  of  public 
and  private  lamps. 

Leakage  or  unaccounted-for  gas  is  due  more  to  defects  in 
service  pipes  than  to  all  the  other  causes  combined.  The  leaks 
arc  chiefly  caused  in  the  pipe  by  corrosion,  or  at  its  junction  with 
the  main.  Such  being  the  case,  it  is  clear  that  the  utmost  care 
should  be  devoted  to  the  habilitation  and  maintenance  of  this 
portion  of  the  distributory  plant. 

Service  pipes  are  of  cast-iron,  wrought-iron,  and  lead.  The 
use  of  cast-iron  pipes  for  this  purpose  is,  as  a  general  rule,  con- 
fined to  the  supply  of  gas  to  large  establishments,  where  the 
diameter  of  the  pipe  required  exceeds  2  \v\.  The  smaller  sizes  are 
too  fragile  to  bear  the  overhead  traffic^  and  the  number  of  joints 
is  objectionable.  Such  services  as  are  of  less  bore  than  3  in.  are 
usually  of  wrought-iron  or  lead. 

VVrought-iron  pipes  or  tubes  are  chiefly  employed  for  services. 
They  can  be  obtained  of  any  convenient  length,  and  are  easily  and 
expeditiously  fixed. 

Wroughl-iron  tubes  and  fittings,  such  as  tees,  bends,  elbows, 
ferrules,  sockets,  &c.,  should  be  perfectly  cylindrical,  with  no  ribs 
or  flat  places,  and  internally  as  smooth  as  possible.  The  welding 
should  be  scarcely  discernible  from  the  other  parts,  and  the  screw 
should  be  equally  deep  throughout  the  thread. 

In  laying  wrought-iron  pipes,  the  coupling  or  socket  at  the 
end,  and  which  is  supplied  along  with  the  pipe,  should  always 
be  removed,  the  thread  painted  with  red  or  white  lead  paint,  and 
then  replaced. 

Lead  pipes  have  their  advantages,  though  they  require  more 
care  in  laying  ;  and  to  prevent  their  sagging  in  the  ground,  wood 
lags  have  to  be  placed  underneath  them  throughout  their  length. 

On  the  other  hand,  they  can  be  laid  with  fewer  joints  ;  the 
only  jointing  places  being  the  connections  with  the  main  and  the 
meter,  unless  the  premises  to  be  supplied  is  beyond  the  ordinary 
distance  from  the  main.  When  taken  up,  also»  to  be  renewed, 
the  old  metal  is  of  more  value  than  old  iron. 
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AM  service  pipes,  whether  of  wrou^ht-iron  or  lead,  when  laid 
in  the  ground,  should  be  protected  from  the  oxidizing  influences 
of  the  soil,  moisture,  and  air,  by  being  encased  in  a  LJ-sh:iped  or 
V-shaped  channel  of  wood  or  other  material,  filled*  after  the  pipe 
has  been  laid  therein,  with  a  mixture  of  hot  pitch  and  tar.  This 
prolongs  their  life  indefinitely,  and  prevents  leakage,  and  con- 
sequently is  well  worth  the  trifling  extra  cost  and  trouble 
entailed. 

J I  is  not  possible  always  to  see  whether  a  wrought-iron  service 
pipe  is  worn  out  or  not,  unless  it  is  taken  up  out  of  the  ground. 
The  under  part  of  the  pipe  will  often  be  found  completely  oxidized 
^hen  the  upper  surface  is  sound  and  good.  The  rust  forms  a 
shell  which  crumbles  on  being  disturbed,  but  when  untouched 
is  sufficient  to  prevent  the  immediate  escape  of  gas. 

The  tinning  or  galvanizing  of  the  sur- 
face of  wrought-iron  pipes  adds  greatly  to 
^heir  durability  in  sandy  soil  impregnated 
w<*ith  saline  matter. 

Various  processes  have  been  devised 
•Or  covering  iron  with  a  thin  layer  of 
Oxide  to  protect  it  from  corrosion  either 
'n  the  soil  or  when  exposed  to  the  atmo- 
sphere, and  they  are  peculiarly  valuable 
"^vhcn  applied  to  wrought-iron  tubes  and 
'»t  tings. 

Mains  should  be  drilled,  nut  cut  with  a  chisel 


of 


service  pipes. 


for  the  insertion 
The  full  sectional  thickness  of  the  metal  is  thus 


preserved,  and  the  hole  is  a  true  circle  in  form. 

Several  makers  supply  drilling  apparatus  which  secures  im- 
''^Unity  from  leakage  in  attaching  the  service  pipe  to  the  main, 
^n<i  it  is  easily  applied  and  used. 

All  service  pipes  should,  if  possible,  be  laid  with  a  slight  fall 
^o    the  main  to  admit  of  the  condensed  moisture  draining  away 
^hereto.     When   the  pipe   is  of  great   length,   and   a  continuous 
inclination  to  the  main  is  impracticable,  a  small  drip  well,  com- 
monly called  a  bottle-syphon  (Fig.  30,  on  p.  279),  should  be  attached 
*t  the  lowest  point. 

The  service  cleansers  of  D.  Hulett  and  Co.  (Fig.  131),  of  W.  & 
B.    Cowan  (Fig.    132),   and  of  Hutchinson   Bros.   (Fig.    133),   are 
18 


1 

■ 

■ 

^m 
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^m                                                Diameter  of  Pipe,  S  Itteites. 

A 

^^H                           Lvagth  Id  yardi. 

9B0. 

GOO. 

76a 

lOOO. 

196a 

uoa 

^^m                   QaaDtitv  delivered 

^H                 with  01  m.  pressure. 

7,760 

6,470 

4.470 

3,880 

3.4G0 

3.160       t 

■ 

10,940 

7,760 

G.ato 

6,470        4,8B0   ] 

4.470 

^m 

13,400 

9^450 

7,7m 

6,700 

r),9B0 

5.470 

■ 

16.620 

10,940   1     &.fl40 

7.760 

6,920 

6.820 

^m                           0-5                           17,2d0 

12,200   '     0.000 

8,640 

7,760 

7,020 

■                           0-6 

18,923 

13,883 

10.940 

9,460 

6.480 

7,760 

■ 

ai,8Gl 

18,379 

12,014 

10.940 

9,780 

8,940 

^1                           10 

24,885 

17,2a0 

14,<J83 

12,1H2 

10,940 

9,900 

^1                             12 

36,767 

18,922 

16.379 

13.383 

11,923 

10.886      1 

^m                   ^'fi 

29,894 

21.082 

17.280 

14,947 

13,383 

12.200      1 

^1 

82.746 

23,1B6 

18.n*22 

16,330 

14,602 

18,888     1 

^m                 3*0 

84^60 

24,305 

19.872 

17,2t*0 

15,S179 

14,083      ] 

■                  a-5 

88,891 

27,302 

22,291 

19,267 

17,280 

16,725      ] 

^H                                                     Diameter  of  Pipe,  9  Indira, 

! 

^1                          r^ngtb  In  y»di.       {      350.     j      500.     |      T». 

1000. 

law. 

1500. 

^H                     Quantity  deltvercd 
^^1                    with  01  ID.  preuure. 

10,-100 

7,380 

0.350 

6.200 

4,650 

4.250 

■ 

H,7fl0 

10.400 

8,600 

7.380 

6,480 

6.000 

■                            0-3 

18.000 

12,780 

10,400 

9,000 

8.aoo 

7,380 

■                    o-« 

20,800 

14,760 

12,700 

10,400 

9,800 

8,600 

■                              0-6 

'2;i,i»4 

16,600 

13,420 

n,Doo 

10.400 

9.6B0 

■ 

2'».3C9 

17.933 

14,760 

12,780 

11.400 

lOHOO 

■                            0-8 

2i).306 

20,667 

16,938 

14,760 

13.100 

12,000    : 

■ 

32.805 

23.182 

18,918 

16,403 

14.760 

18,420      ] 

H 

85.867 

26,869 

20,667 

17.938 

16,064 

14,653      : 

■ 

40,181 

28,409 

23.162 

20,011 

17,933 

16.500      : 

■                            1-8 

43.969 

31,056 

25,369 

21,979 

19.683 

17,933 

■ 

46,864 

82,805 

2(3.681 

23,182 

30,667 

18,918     : 

■                   a-fi 

61,332 

36,632 

29.869 

25,916 

fl3.162 

1U.10&     : 

^H                                                DutntsUr  </  Pijni,  10  Inehea. 

^f                          Lmrth  In  rardi.       {     MO. 

7sa 

lOOO. 

mo. 

IfiOO. 

nsa 

^H                      QnAQlity  deliverml 

^H                    witb  0  1  lu.  pressure. 

9,660 

7300 

6.760 

0.050 

6,620 

6,100 

^m 

13,600 

11,040 

9,660 

8.:.30 

7,800 

7,300 

^m 

* 

16,600 

13,600 

11,700 

io.r/20 

9,6(i0 

B,860 

^m                  0-4 

t 

10,120 

15,600 

18,500      13.100 

11,040 

10.200 

^1                              &5 

* 

31.300 

17.400 

15.0)0 

liijm 

12,380 

11.400      3 

^H 

» 

23,366 

19.120 

16,500 

14.800 

13.500 

12.500      1 

^B 

1 

27,000 

22,005 

19,120 

17.050 

16,600 

14.400      } 

^l                            10 

■ 

80.105 

24,570 

2i.:iyo 

19.120 

17,400 

i«,i60    : 

^m                  1-2 

t 

32,940 

27,000 

23.355 

20,911 

19.036 

17,650      : 

^^^                    1-0 

> 

341,866 

30.106 

26.055 

aa-iiftfj 

21.300 

19.600      ] 

^^^B 

40,600 

82,940 

28,620 

26.615 

23,866 

21,600      S 

^^V                   BO 

42,660 

34,830      30,106 

27,000 

24.570 

92.800      i 

^^"^                   S'S 

47.665 

38.880  1  83.760 

30,106 

27,540 

96,601      S 

^^^^^       ^^ 
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tree,  if  used  to  any  great  extent,  entail  high  initial  pressure, 

which  is  synonymous  with  a  heiivy  leakage  account. 

If  the  distance  from  the  main  tu  the  meter  does  not  exceed 

(oyds.,  the  following  sizes  of  service  pipes  will  supply  the  number 

kf  lights  named : — 

Wrought-Iron 


TuIjc. 


tn. 


I  to     ID  lights  (consuming  say  4  cub.  ft.  per  hour  each) 

*  <  II     3P      » I  ' »  » ♦  » • 

31    ,,      DO        ,,  ,,  ,,  I, 

61   ,,    IJO       „  ,»  fi  ,, 

121     ,1    200         ,,  ,,  1}  If  .2», 

The  above  sizes  allow  for  partial  contraction  of  the  area  of  the 
(pipe  by  corrosion  or  deposition. 


■i.. 

1^  .* 


TABLE. 
Weight  per  Foot  of  iVrougfit'Iron  TMng 
For  Qas,  WaUr^  and  SUam. 


Ou. 

Watkx. 

STfiAH. 

Inlern&l 

WalBht 

Inteniftl 

Weight 

InteioKl 

Waight 

Dltmster. 

pec  Foot. 

Dinmetor. 

per  Foot. 

Dluncitcr, 

por  Foot 

luches. 

Lbs.    Oxe. 

Inohei. 

LbB.    Ozfl. 

InohoB. 

LbB.    Ozp. 

i 

0      14^ 

i 

0      16 

i 

0      16i 

1 

1        5i 

i 

1     n 

i 

1       8 

I 

1      15 

X 

a      I 

1 

3        3} 

11 

a      10 

u 

H       14 

11 

8        4 

u 

a      '2i 

11 

3     9 

H 

4       0 

S 

4        6i 

a 

4     u 

3 

6        8 

U 

6    m 

24 

ti        4 

•2i 

7        0 

Uniformity  in  the  screws  or  threads  of  service  pipes  and  fittings 
is  greatly  to  be  desired,  a  large  proportion  of  the  leakage  being 
tluc  to  the  want  of  this.  The  screwed  joint  may  be  too  slack,  in 
which  case  leak;ige  often  follows  ;  on  the  other  hand,  when  a 
socket  is  too  small  to  receive  the  screwed  end  of  a  pipe,  instead 
of  running  the  tap  into  the  one,  or  the  dies  over  the  other,  careless 
workmen  are  often   content  to  let  the  joint  pass,  provided  they 


^^ 

^H 

^^M 

^ 

^^^^^^1 

^m 

^M             266                         NEWBICJGINC'S   HANDBOOK    FOR              ■ 

^^^H                                              DiamsUr  of  Pipe,  16  InchM, 

^^^^^                    Lengtb  In  y&rdi.         |      OOO. 

760. 

lOOO. 

ItlfiO. 

IfiOO. 

]7Ba 

^^^^_              Qu&utity  delivered. 

^^^^^B           with  O'l  in.  pressure. 

31,000 

25,250 

21,850 

19,560 

17,850 

16,550 

^^H 

4y,700 

35.700 

31,000 

2r7,700 

25.250 

23,400      ' 

^^H 

6y.600 

43.700 

3ti.l00 

34,000 

3i;ooo 

28.700 

^^H 

62,000 

50,600 

43,700 

39.100 

85.700 

33.100 

^^^H 

69,120 

se.crfM 

49,000 

43,700 

89,900 

a7,150 

^^H 

75.G&G 

612,000 

&3,600 

47,900 

43,700 

38,100 

^^^K 

87,403 

714\*3 

62,000 

55,400 

60,500 

46.800 

^^^^^H. 

97,459 

79,488 

(i'jjao 

62,000 

66,600 

52,400 

^^^^B 

io;,ot;fi 

87,402 

7r.,fiH6 

67,703 

61,516 

57,024 

^^^^^B 

Uy,577 

97,459 

84,326 

75,686 

69.120 

63,<.H)0 

^^^T            ^'° 

130,982 

107,066 

92.620 

82,944 

76,680 

70,067 

^^V 

138,240 

112,666 

97,459 

87,402 

79.48e 

74,300 
82.698 

^^^             a« 

1£4,4SB 

126,144 

109,309 

97,469 

89484 

^1                                                  DiamHer  of  Pip9,  16  liwh^s. 

^^H                             Length  in  jkrda. 

&oa 

750. 

1000. 

ISUO. 

SQOO. 

9600. 

^^^^^               IJu&utitv  delivered 
^^^^b           wilh  01  lu.  preaiare. 

41,400 

33.800 

29,400 

23,900 

90,700 

1B.400 

^^H 

6S,SO0 

47,800 

41,400 

3;l,ft00 

39,400 

38,300 

^^H 

71,800 

&8,aoo 

50.800 

41,400 

86,900 

32.100 

^^m        0-4 

aa.800 

fl7,0(J0 

5«,B00 

47,800 

41,400 

36,800 

^^B 

92,600 

75,700 

65,600 

63,600 

46,300 

41,400 

^^H 

101,476 

83.800 

71.800 

68.800 

60,800 

46,400 

^^^K                   0-8 

117,228 

96,700 

82,800 

67,600 

68,800 

62,300 

^^^^^            1-0 

131,220 

106,725 

92,728 

7.'>,700 

66,600 

68,800 

^^^H        i-a 

143,^67 

U7,2;i3 

101,476 

8-2,668 

71,733 

64,354 

^^^^H        ifi 

161,400 

131,220 

113.636 

92,728 

80,000 

71,800 

^^^^        i-e 

176,&34 

148,407 

li24,221 

101,476 

87,917 

78,732 

^^H 

185,467 

161,340 

181.2-20 

106,725 

92,728 

82,800 

^^H              sfi 

307.327 

16^,373 

146,629 

119,410 

108,663 

93,728 

^^^™                                            DUmeier  of  Pipe,  20  7«cA<?«. 

^^^f                           Length  la  yiini«. 

600. 

760. 

lOOO. 

IfiOO. 

dooo. 

SfiOO. 

^^^^^               Qn&Dtity  delivered 
^^^^L           with  01  ill.  preaeure. 

54,000 

44,000 

88.250 

31,200 

27.000 

94,200 

^^^1 

Tti.-'-iOO 

G2,4O0 

54,000 

44,000 

38,260 

84,200 

^^^l              0-a 

93,C00 

76,000 

66,100 

54,000 

46,760 

41,800 

^^H                     0-4 

108,000 

8S.0O0 

76,500 

02,400 

64,000 

48,400 

^^^H                     0-6 

130,500 

BS,80U 

85.300 

09.800 

62,250 

64,000 

^^^H 

131,760 

UJ6,0L<I 

98.500 

76,500 

66.100 

69,100 

^^H 

l&2,'2H0 

124,200 

108,000 

88,000 

76.500 

68.400 

^^H 

170,640 

13D,320 

120,420 

98,800 

85.300 

76,500 

^^H 

ltJ6,S40 

1 53.280 

131,760 

108.0CO 

93,420 

83,646 

^^H                    1-6 

306.980 

1J0.G4O 

147.420 

120,420 

102.300 

9d,6C0 

^^H                  1-8 

228,960 

]d(I,840 

162.000 

131,760 

114,460 

102,060 

^^H 

241,360 

197.100 

170,640 

139,820    120.420 

108,000 

^^V                   36 

270.000 

230.330 

190,620 

156,620    130,000 

120,420  J 

1                                 J 

^^^^^^H 

1 
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■                                       DiaiMUr  of  Pip*,  22  Ifush$a.                                                ^H 

liengUi  JQ  yMdi.                BOO.           TSO. 

looa 

IfiOO. 

9000. 

MOO. 

sooa            ^^1 

QuantitT  delivered                                    | 

^^1 

with  0-1  u.  pressure.     68,600 

66,000 

4B.400 

80.600 

84,300 

30,700 

98,000               ^H 

0-2            „                96.800 

79,900 

68.000 

56,000 

48,000 

43,400 

39,600               ^^M 

^           0-8                          118.800 

96.800 

84.000 

68.600 

60.400 

63,300 

48.400               ^H 

^B           0-4                            137,000 

112,000 

96,800 

79,900 

68,600 

61,400 

66.000               ^^B 

^M           0-6                            163,600 

122.600 

108.200 

B8.600 

76,800 

68,400 

61,900               ^^B 

^M           0  6                            168,677 

137.900 

118,800 

96,800 

84,000 

75.000 

68,600               ^^B 

^H            0-6            ^               193,406 

168,192 

187.900 

U9,000 

96,600 

86,500 

79.900               ^H 

^H            1-0                            216^6 

176,418 

162,895 

122,500 

106,200 

96300 

88.600              ^^B 

H           12                          337.184 

19S.406 

168,677 

186.560 

118.266 

106360 

96,703              ^H 

H           15                          985,380 

916,975 

187,626 

152.896 

132.000 

118,800 

106,900              ^^B 

^B           1-8                            990.697 

237,184 

903.860 

168,r.77 

145,054 

130,026 

n8.26G              ^^B 

^P            2-0                            906,444 

949.596    216,375 

176,418 

162.895 

137,900 

122.600              ^^B 

^■^            96                            340,881 

279,666    242^ 

197.326 

171,190 

162,896 

140.000              ^^B 

Diameter  of  Pipe,  24  Imhes,                                            ^^| 

Length  fa  yarda. 

GOO. 

TOO. 

1000. 

1600. 

9000. 

3&0O. 

8000.                  ^^H 

QQADtlty  delivered 

^^M 

>witb  01  in.  presvore. 

84.000 

68,600 

69.500 

48.600 

42,000 

37.600      34.300              ^^| 

^          oa 

119.000 

97,000 

84,000 

68.600 

59,500 

63,400 

48,500              ^^H 

^        as 

146/>00 

119.000 

103,000 

84  000 

72.700 

66.200 

69,600              ^H 

■        »4        H 

1C8.000 

137,200 

119,000 

VI7.000 

84.000 

76,000 

68,000              ^H 

■ 

167,600 

166,000 

136,600 

106.600 

93300 

84,000 

77.600              ^H 

■          0^ 

906,896 

168,000 

H&,(X)0 

1  VJ.IIOO 

lOfi.OOO 

92,000 

84.000              ^H 

^1 

940,900 

106,666 

168,000 

137.200 

119,000 

106,000 

97,000              ^^B 

^K 

969,048 

219,288 

189,784 

166,000 

136.600 

119,000 

108,600             ^^B 

■ 

9M,710 

240,000 

aoe^M 

170,2M 

146.066 

131.414 

120.450             ^^H 

■             1-5 

390,703  1 969,049 

213,980 

189,784 

183,000 

146,500 

135.000             ^^B 

■             i-B 

360.806    294.710 

2ri5,06a 

908,8^6 

180,403 

161.585 

146.91)6               ^^B 

F 

380,946    311,040 

269,049 

919,383 

189,734 

168,000 

166,000               ^^M 

25 

436.347  1 347.687  |  300.931  |  346.721 

212.384  1 189.734 

172,000             ^H 

^L                                        DitimHfir  of  Pipe,  26  Inchea.                                                     V 

^H            Length  in  jrMrd*. 

ISO,     \     1000.     1     1000* 

ano. 

asoo. 

moo,       iiioo. 

^B      guftntitv  delivered 

1 

^B  "^i^-iUi  O'L  ID.  pressure. 

ftft.OOO 

73.600  I    60.000 

62.000 

46.600 

42.500 

36.750 

K 

lao.DiK)  1  I04.01X)  1  as.ooo 

78,500 

66,800 

60,000 

62,000 

^B 

147.000  ,  127,01)0  '  104,000 

90,000 

80,600 

73.600 

63,600 

^B 

170,000    M7,iXX)  1  liM),O0O 

104,000 

93,000 

86,000 

73J500 

^M 

189.000    1C6.000  i  184,000 

llO.flOO 

104,000 

94.500 

82.600 

^m 

aiH.OOO     I80.U[K)     147 ,«« 

127.00t> 

lll.tXX) 

104.000 

90.000 

^m        08 

aiO.Oia    20H.(X)O     17(),«K)  '  147,000 

i:i2,0(Kl 

lau.otti 

104,000 

^1 

9(ie.304    2:V2.r.21     18'l.<X»0    HiO.OOO  ',  U7,oon 

134,000 

110.000 

■             1-9 

993.867    2ri4.i;ir.    208.072  j  17y.7e2  ]  160.1117 

146.928 

1  12fi.861 

■ 

398,536    281.731  |  23-2,6ai 

201,000    iJftO.OOO  !  ICS.OOt* 

142,000 

^B 

aC0,;i85    312.109    264.615 

290.6IW  1  11)7,121  |17!>,7H2 

16(i.0.';4 

■             JK) 

879,641     a'i8.63fi    268  304    232.621     20H,000  |  1S9.000 

le.'i.ooo 

^1 

424,369    367,777    300.245  1 260.0itl  1 232.621    213,000 

1W.O0O             ^— 

^B               3-0            M             1465,334    -I02,'156    B9B.5aG    1284.731  !  264,615    332,C21 

201.000              ^H 

L              J 
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Drnvmler  aj  Pipe^  28  luvhru, 


Leagth  In  ynrds. 


Quantity  delivered 
will)  0  fi  in.  pr«6aare. 
06 


1000. 


1'.1ROOO 

iM9.7W'2 
280,000 

aoe.TSM 

343,931 
37B,e2B 
3dG.S41 
442.411 
464,747 


IMO. 


161 

176 

ao-1 

22'.! 
2-11!, 
960 
aOf'i 
322 
3*iO 

a9o 


,ono 

.762 
.271 
.000 
,7h2 
000 
721 
Hi2 

\m 

.Hll 


9000. 


MO.00O 

153.363 
176,75'2 

I'JB.tXX) 

•211,000 
2i>5.6o8 

280.000 
313,074 
;H2,l»fll 


«60l>. 


135,000 
136.533 
167.701 

177.000 

iity,6«7 

316,000 
237.061 
250,000 
3804XX) 
306.704 


8006. 


114,600 

134  .mu 

143,942 
101.000 

176.762 

i98.rx« 

216,666 
229,000 
256,000 
280,000 


4Q0O. 


99.000 

107.K&6 
12-1  ,B91 
140.000 
163,352 
171,000 
187.336 
196,000 
393,000 
241.000 


DiamHer  of  Pipf,  80  Irwhes. 


liongth  in  yudfl. 


QuAotitjr  deliv(<red 
mih  0'5  in.  prusore. 
06 


1000. 


234.000 

267 .6H0 
296.-160 
332.000 
301.500 
407,026 
445.T105 
470.205 
626.095 
675,010 
664,606 


3000, 


8000, 


166.0D0 

lH'.'..2:.o 

210.1% 
234,000 
257,560 
267,000 
315.657 
381,6d5 
871. 7TO 
407,035 
470.205 


136,000 
I4B,2;t0 
171.315 
192,000 
210.196 
234.000 
257.580 
270.000 
30:>.7B0 
331.0% 
3B3.940 


400(1. 


117,000 
12S,790 
M6.230 
166,000 
182,250 
,203,000 
'222,345 
234.000 
263.000 
287  .'J66 
331.696 


&000. 


105.000 
11B.182 
132,430 
149,000 
162,810 
182,000 
199.260 
210.000 
234.000 
267,000 
396,000 


7500. 


BCOOO 

106.136 
121.600 
132.436 
149.000 
162.810 
172,000 
192.000 
210,000 
343,000 
J 


EH  ft  meter  of  Pipit  86  Inches, 


Length  In  jrsrdH. 


1000. 


Qaantity  d«1ivered 
with  0*5  io.  prenAure. 
06 

ae 

10 

IH 
SO 


370.915 
405,907 
4G8392 
530,000] 
673.866 
642.103 
703,899 
741,830 
829.310 
006,042 
1  (M9.7G0 


8000. 


262,440 
286,984 
330.674 
870,000 
405,907 
466,000 
496386 
634.880 
586,116 
042,108 
742.180 


»^)0. 


213,451 
234,446 
271,013 
803,000 
330,674 
372.000 
406,907 
438.000 
477,840 
624,880 
605,361 


4000. 


18.V467 
202,968 
234,446 
265/>0O 
3864»a4 
322,000 
861.069 
872,000 
416.000 
464.546 
524.880 


fiOOO. 


166,862 
181,763 
209,952 
234,000 
257.016 
288,000 
814,928 
832,000 
372.000 
407,000 
468,893 


T60QL 


13.*i,419 
148,366 
171,286 
192,000 
209,962 
334.900 
367,016 
271,000 
306,000 
332,000 
884.009 


The  foregoing  tables  are  calculated  upon  the  basis  of  lb 
gravity  of  the  gas  being  '400.  The  quantity  of  gas  of 
specific  gtavity  discharged  may  be  ascertained  by  inultip! 
quantity  indicated  in  the  table  by  *f»325  (the  square  root  ( 
dividing  by  the  square  root  of  the  specific  gravity  6f  th 
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Example. — If  a  12-in.  pipe,  1000  yds.  long,  discharg'es  23,8cx) 
cub.  ft.  of  gas  per  hour,  specific  gravity  '400  at  0*5  in.  pressure, 
how  much  gas  will  the  same  pipe  discharge,  at  the  same  pressure, 
when  the  specific  gravity  is  '560? 

23.8oox-6335^^     ^,^^^t^    ft 
7483 
The  quantity  of  gas  discharged  at  any  other  pressure  may  be 
ascertained  by  multiplying  the  quantity  indicated  in  the  table  by 
the  square  root  of  the  new  pressure,  and  dividing  by  the  square 
root  of  the  original  pressure. 

Example. —If  a  quantity  of  gas  equal  to  23,355  cub.  ft,  is 
discharged  in  one  hour  at  a  pressure  of  1*2  in.,  what  quantity  will 
*x^  discharged  through  the  same  pipe  at  22  in.  pressure? 

33*355  >^ ''4832 
» '0954 

To  facilitate  these  calculations,  tables  are  annexed  of  the  square 
roots  of  specific  gravities  from  '350  to  700,  rising  '005  at  a  time  ; 
and  of  the  square  roots  of  pressures  from  y^  of  an  inch  to  4  in., 


=  311623  cub.  ft. 


'ising  y*5  at  a  time. 


TABLE. 

Square  Root  of  tht  Specific  Gmviiy  of  Gat  from  '850  to  -700. 


^Pttoiaa 

^ST 

8p«eUc 
OravHy. 

XT 

BpMiPo 

'S^l' 

Upeeiflo 
Utavlty. 

Bdtiare    fl 
Eool.     0 

p«oli1o 
nirltf. 

Root. 

860 

•6916 

-435 

'6619 

•496 

•7085 

•666 

■7617 

•636 

•7969 

366 

-6056 

430 

•6657 

•500 

■7071 

•670 

•7649 

•640 

-6000 

*860 

-6000 

436 

-6695 

•606 

■7106 

■676 

•7683 

■646 

-6081 

-ass 

•6041 

•410 

•GG;i3 

510 

•71-11 

•5H0 

'7616 

-660 

■6063 

-870 

•6063 

445 

•6671 

-515 

'7176 

•666 

•7648 

655 

•8093 

'875 

•61W 

450 

•6708 

■CiO 

'7-21 2 

•590 

•7661 

m\o 

'8124 

■380 

■6164 

•456 

•C746 

•636 

■7246 

•596 

■7?18 

665 

•8156 

'966 

■690S 

■460 

•6783 

-630 

■7280 

•600 

•7746 

670 

-8185 

■aw 

■B245 

466 

•6819 

■535 

7314 

•006 

•7778 

676 

-8S16 

-896 

6»6 

•470 

•6856 

•640 

■73-ia 

-QtO 

•7810 

680 

-834G 

•4O0 

•tMSS 

-476 

•669:2 

•646 

•73e3 

•616 

•7849, 

eBTi 

■8270 

■405 

•S864 

•480 

•69ffl 

•660 

•7416  1 

•620 

■7874 

690 

■8906 

-410 

'640S 

■485 

■6964 

•565 

•7449 

•625 

■7905 

696 

8337 

•415 

M42 

-490 

■7000 

■660 

'74&3 

-630 

■7937 

700 

•8367 

-490 

1 

•M81 

, 

i 


870 
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TABLE. 

Square  Root  of  Pressures ^  rising  by  Tenths  of  an  Inch^from 
One-  Tenth  to  Four  Inches, 


Inches  and 

S(|uarc 

Inches  and 

Square 

Inches  and 

Squar-^ 

Tenths. 

Kool. 

Tenths. 

koot. 

Tenths. 

1 

Root. 

•1 

'3x6a 

«'5 

t*aa5i 

1 

3'B 

«*6733 

*a 

•447a 

v6 

1-2649 

2*0 

1-7029 

'3 

'5477 

17 

1-3038 

3^ 

^'7y(^ 

4 

•6324 

I  a 

i'34i6 

31 

17606 

5 

•7071 

1-9 

13784 

3'a 

17888 

•6 

•7745 

Q'O 

'•414a 

3 '3 

1*8165 

•7 

'8366 

2*1 

I '4491 

3'4 

.•8439 

■8 

•8944 

3*a 

1-4832 

3'S 

1-8708 

9 

•9487 

a-3 

i-5i«S 

3* 

1*8973 

1  o 

I'OOOO 

a '4 

1*549 « 

37 

f9a35 

1*1 

i-aiSB 

3*3 

f58<« 

3*8 

1*9493 
«-9748 

t*3 

10954 

a-6 

i'6ia3 

3"9 

'3 

1*1401 

27 

1-6431 

4-0 

flXOOO 

«'4 

1*1832 

Should  it  be  required  to  find  the  pressure  in  inches  of  waM 
to  discharge  a  certain  quantity  of  g-as  of  g^iven  specific  gravit 
in  an  hour,  through  a  pipe  the  dimensions  of  which  are  knowf 
the  formula  is — 

— i.e.^  multiply  the  square  of  the  number  of  cubic  feet  of  gas  to  \ 
discharged  in  one  hour  by  the  specific  gravity  of  the  gas,  and  b 
the  length  of  the  pipe  in  yards  ;  divide  the  product  by  the  squai 
of  the  constant  number  1350,  multiplied  by  the  diameter  in  inchi 
raised  to  the  fifth  power,  and  the  quotient  Is  the  pressure. 

Example.  —  It  is  required  to  find  the  pressure  in  inches  < 
water  to  discharge  in  an  hour  [j,ooo  cub.  ft.  of  gas,  specif 
gravity  *5,  through  a  pipe  8  in.  in  diameter  and  1900  yards  lon{ 
Then— 


Q'-  y  J  y  /  _  144,000,000  X  '5  X  1900       136,800,000,000 


In. 


3  in 
nearly 


1350*  x</*  1,822,500x32,768  59,719,680,000 

If  the  diameter  of  a  pipe  is  required  which  will  discharge  a  give 
quantity  of  gas  under  a  given  pressure,  we  have  the  formula — 


V  (1350)*-' 
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This  can  easily  be  calculated  by  a  table  of  log'arithms — thus  : 
log.  fl?=|  (2  log.  Q  +  Iog.  .j  +  log.  1-2  log.  1350  +  log.  A.) 

Example. — It  is  required  to  find  the  diameter  of  a  pipe  1240 
yds.  long,  to  discharge  48,000  cub.  ft.  of  gas,  of  the  specific 
gT-avity  '4,  in  one  hour,  with  a  pressure  of  2  in.     Then^ — 

2  log.  Q  =  2  log.  48,000  .         =       9*3624824 

Ic^.  s  —     log.  '4        .  .  =    - 1  '6020600 

log.  /  =    log.  1240   .         .         .         =       3*0934217 


2  1<^.  1350  =6*2606676  1 

log,  h  —  log.  2  =o-3oio3oo  j 


12-0579641 
6*5616976 

5 )  S'4962665 


^og'  d =        1*0992533 

Therefore  d—  13  in.,  nearly. 

The  following  axioms  are  worth  remembering : — 

1.  The  discharge  of  gas  will  be  doubled  when  the  length  of  the 
pipe  is  only  \  of  any  of  the  lengths  given  in  the  tables. 

2.  The  discharge  of  gas  wilt  be  only  \  when  the  length  of  the 
pipe  is  four  times  greater  than  the  lengths  given  in  the  tables. 

3.  The  discharge  of  gas  will  be  doubled  by  the  application  of 
four  times  the  pressure. 


ffandy  Rule  for  finding  (approximately)  the  Content  of  a  Pipe  in 
Gallons  and  Cubic  Feet, 

^^  RuLS. — Multiply  the   square  of  the  diameter  of  the  pipe  in 

inches  by  the  length  in  yards,  and  divide  by  10  for  gallons  and 
by  60  for  cubic  feet. 

ExAHFLB — A  pipe  is  6  in.  diameter  and  400  yds.  long,  what  is 
the  content?  then— 


6^x400^!^'=  ^440  gals. 
^     -7-  60  -   240  cub.  ft. 
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SERVICE   PIPES  AND   FITTINGS. 

In  the  term  service  pipes  are  included  all  pipes  branching  out 
of  the  mains  to  consumers*  meters,  and  for  the  supply  of  public 
and  private  lamps. 

Leakag^e  or  unaccounted-for  gas  is  due  more  to  defects  in 
service  pipes  than  to  all  the  other  causes  combined.  The  leak!* 
are  chiefly  caused  in  the  pipe  by  corrosion,  or  at  its  junction  v-'ith 
the  main.  Such  being;  the  case,  it  is  clear  that  the  ulmosl  <^^^^ 
should  be  devoted  to  the  habiJilation  and  maintenance  of  ^^^"^ 
portion  of  the  distributory  plant. 

Service  pipes  arc  of  cast-iron »  vvrought-iron,  and  lead.  "^^^ 
use  of  cast-iron  pipes  for  this  purpose  is,  as  a  g-eneral  rule,  *^"* 
fined  to  the  supply  of  gas  to  large  establishments,  where  ^^^ 
diameter  of  the  pipe  required  exceeds  2  in.  The  smaller  size^  ^^ 
too  frag"ile  to  bear  the  overhead  traffic,  and  the  number  of  jc^^^'"* 
is  objectionable.  Such  services  as  are  of  less  bore  than  3  in.  ^^^ 
usually  of  wrought-iron  or  lead. 

Wrought-iron  pipes  or  tubes  arc  chiefly  employed  for  ser^'i^^^^^-^ 
They  can  be  obtained  of  any  convenient  length,  and  are  easily 
expeditiously  fixed. 

Wrought-iron  tubes  and  fittings,  such  as  tees,  bends,  elbo" 
ferrules,  sockets,  &c.,  should  be  perfectly  cylindrical,  with  no  r 
or  flat  places,  and  internally  as  smooth  as  possible.  The  weldi 
should  be  scarcely  discernible  from  the  other  parts,  and  the  scr 
should  be  equally  deep  throughout  the  thread. 

In  laying  wrought-iron   pipes,  the   coupling  or  socket  at 
end,  and  which  is  supplied  along  with  the  pipe,  should  alwa 
be  removed,  the  thread  painted  with  red  or  white  lead  paint,  a 
then  replaced. 

Lead  pipes  have  their  advantages,  though  they  require  mo^^ 
care  in  laying ;  and  to  prevent  their  sagging  in  the  ground,  w 
lags  have  to  be  placed  underneath  tht:m  throughout  their  length 

On  the  other  hand,  they  am  be  laid  with  fewer  joints  ;  i 
only  jointing  places  being  the  connections  with  the  main  and  t 
meter,  unless  the  premises  to  be  supplied  is  beyond  the  ordina 
distance  from  the  main.  When  taken  up,  also,  to  be  renewe 
the  old  metal  ts  of  more  value  than  old  iron. 


I' 


nd 
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All  service  pipes,  whether  of  wroug"ht-iron  or  lead,  when  laid 
in  the  ground,  should  be  protected  from  the  oxidizing  influences 
of  the  soil,  moisture,  and  air,  by  being  encased  in  a  LJ-shaped  or 
V-shaped  channel  of  wood  or  other  material,  filled,  after  Ihe  pipe 
has  been  laid  therein,  with  a  mixture  of  hot  pitch  and  lar.  This 
prolongs  their  life  indefinitely,  and  prevents  leakage,  and  con- 
sequently is  well  worth  the  trifling  extra  cost  and  trouble 
entailed. 

It  is  not  possible  always  to  see  whether  a  wrought-iron  service 
pipe  is  worn  out  or  not,  unless  it  is  taken  up  out  of  the  ground. 
The  under  part  of  the  pipe  will  often  be  found  completely  oxidized 
*'hen  the  upper  surface  is  sound  and  good.  The  rust  forms  a 
shell  which  crumbles  on  being  disturbed,  but  when  untouched 
*s   sufficient  to  prevent  the  immediate  escape  of  gas. 

The  tinning  or  galvanizing  of  the  sur- 
face of  wrought-iron  pipes  adds  greatly  to 
^heir  durability  in  sandy  soil  impregnated 
^ith  saline  matter. 

Various  processes  have  been  devised 
^Or  covering  iron  with  a  thin  layer  of 
*^xide  to  protect  it  from  corrosion  either 
'n  the  soil  or  when  exposed  to  the  atmo- 
sphere,  and  they  are  peculiarly  valuable 
"^^hen  applied  to  wrought-iron  tubes  and 
ft  t  tings. 

Mains  should  be  drilled,  not  cut  with  a  chisel,  for  the  insertion 
^^  service  pipes.  The  full  sectional  thickness  of  the  metal  is  thus 
P«"eservcd,  and  the  hole  is  a  true  circle  in  form. 

Several  makers  supply  drilling  apparatus  which  secures  im- 
■^ unity  from  leakage  in  attaching  the  service  pipe  to  the  main, 
^nd  it  is  easily  applied  and  used. 

All  service  pipes  should,  if  possible,  be  laid  with  a  slight  fall 

^o    the  main  to  admit  of  the  condensed  moisture  draining  away 

^Hereto.     When   the   pipe   is  of  great   length,   and  a  continuous 

*^clination  to  the  main  is  impracticable,  a  small  drip  well,  com- 

"'only  called  a  bottle-syphon  (Fig.  30,  on  p.  279),  should  be  attached 

^t  the  lowest  point. 

The  service  cleansers  of  D.  Hulett  and  Co.  (Kig,  131),  of  W.  & 
B-   Cowan  (Fig.    132),   and  of  Hutchinson   Bros.   (Fig.    133),   are 
tS 
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exceedingly   useful   for   removing   water   and   other   obstructions 
from  service  pipes. 

All  abrupt  angles,  such  as  square  elbows,  whether  in  main^< 
services,  or   internal    fittings,  owing  lo  the  resistance  they  offeT 
to  the  regular  and  even  ttuw  of  the  gas,  act  as  condensers,  an« 
diminish  the  available  pressure.     Their  use  should,  therefore,  *^ 
discarded    whcrcvrr   practicable  ;    bends  or  round   elbows   bein^ 
niuch  more  preferable.      For  the  same  reason  the  internal  surfaC?* 


Fk;.  13J 


Fii;.  IJ3. 


of  pipes  should  be  as  smooth  as  possible.  No  pipe  should  be  |> 
in  use  without  careful  examination  and  the  removal  of  all  existia 
roughnesses. 

2-in.  cast-iron  pipes  as  mains, 

J-in.  wrought-iron  pipes  as  ser\'ices,  and 

J-in.  lead  or  composition  pipes  for  internal  supply,  should 
utterly  abandoned. 

The  first  are  a  grievous  source  of  direct   leakage,  owing 
breakages  at  their  junction  with   the  service  pipes  ;    the  wh< 
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t'lrtr,   W    used    lo   any  grcal   cxlonl,   unlail    Wi'^U    initial    pressure, 
uhich  is  synonymous  with  a  heavy  leakage  account. 

If  the  distance  from  the  main  to  the  meter  does  not  exceed 

JO  yds.,  the  following  sizes  of  service  pipes  will  supply  the  number 

of  lights  named : — 

Wrought-Iron 


Tulw, 


I  to    lo  lights  (consuming  say  4  cub.  ft.  per  hour  each]        f  in. 


II 

31 

6i 

121 


f  > 


30 

60 

120 

200 


The  above  sizes  allow  for  partial  contraction  of  the  area  of  the 
pipe  by  corrosion  or  deposition. 


TABLE. 

Weight  per  Foot  of  Wrought-Iron  Tubing 
For  Gas,  Water,  and  Steam, 


QAM. 

Watek. 

Btiam. 

laternAl 
r>tam«tor. 

WeiKht 
pet  Foot. 

Internal 
Diameter. 

WeiRht 
per  Foot. 

Internal 
Diameter. 

Weight 
per  Foot. 

Zoehes. 

.* 

U 

I' 
2ft 

Lbs.    Osa. 

0  14i 

1  fift 
1      16 

a    10 

8       2i 
4       6ft 
6      10ft 

Inchei. 
ft 

1* 

2i 

Lbs.    OzB. 

0  16 

1  7J 

2  1 
2       14 

a      9 

4      14 
6        4 

Inches, 
ft 
i 

1 

n 
ift 
2 

2ft 

Lbs.    Ozir. 

0  Uh 

1  8 

2  Si 
8        4 
4        0 

6  8 

7  0 

Uniformity  in  the  screws  or  threads  of  service  pipes  and  fittings 

*s    greatly  to  be  desired,  a  large  proportion  of  the  leakage  being 

^vie  to  the  want  of  this.     The  screwed  joint  may  be  too  slack,  in 

"^''^ich  case  leakage  often  follows ;  on  the  other  hand,  when  a 

socket  is  too  small  to  receive  the  screwed  end  of  a  pipe,  instead 

of  running  the  tap  into  the  one,  or  the  dies  over  the  other,  careless 

Workmen  are  often  content  to  let  the  joint  pass,  provided  they 
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succeed  in  getting  a  single  thread  to  bite.  The  natural  settle- 
ment of  the  ground,  the  traffic  over  the  surface,  or  the  first  keen 
frost  disjoints  the  connection,  and  an  escape  follows. 


same  as  that  used  in  the  determination 


To  Calculate   the  Required  Size  of  Service  Pipes, — The 

liible  on  p.  278  ^ives  the  theoretical  diameter  required  for  pipes 
which  have  to  supply  a  certain  number  of  burners  at  distances 
from  the  street  main.     The  table  is  calculated  by  the  formula — 

of  the  quantities  of  gas  delivered  by  targe  pipes. 

As,  however,  the  actual  discharge  from  small  pipes  is  less  than 
the  calculated  quantity,  the  tabular  number  must  be  increased  by 
one-third  if  the  service  pipe  is  of  lead,  andbyonc-half  if  of  wrought- 
iron.  When  of  the  latter  material,,  it  is  not  advisable  to  put  in 
the  ground  a  pipe  of  less  than  j  in,  in  diameter. 

Example  0/  the  Manner  of  Using  the  Table. — Supposing  there 
are  40  lights  to  be  supplied  at  the  distance  of  70  ft.  from  the  main, 
the  tabular  number  opposite  70  and  under  40  is  "73540.  To  this 
add  one-third  if  a  lead  service,  making  '98053,  and  one-half  if  a 
wroughl-iron  ser\'ice,  making  i*  10310.  The  sizes  of  pipes  next 
above  the  numbers  are  i  in.  and  \\  in.  respectively,  and  these  are 
the  sizes  required. 
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TABLE, 

Weight  of  Wrought-Iron  Gas  Tubes  and  Fittings. 


TubM. 

Flttinffs. 

Intarnal 

DUmetar 

laobM. 

^sif?ir 

Weight  per 
1000  feet. 

Weight  ot 
10  Elbows. 

Weight  of 
10  Tees. 

Weight  of 
10  Crosses. 

Cwta.     Qn.     Lbs. 

Tons 

CwtB. 

Qn- 

Lbs. 

Lbs.  Oss. 

Lbs.  Oss. 

Lbs.  Ozs. 

« 

0         10 

0 

2 

a 

0 

1        1 

1        0 

1      a 

k 

0         1        14 

0 

3 

3 

0 

1        7 

1        8 

1       14 

1 

0         3         6 

0 

6 

a 

4 

1      13 

2        4 

a      3 

i 

0         8         6i 

0 

8 

0 

H 

a    IS 

8       0 

8        4 

1 

1         0       22i 

0 

12 

0 

1 

4        6 

5        4 

5      11 

1 

1        a      26 

0 

37 

1 

8 

6        4 

7      10 

9      a 

1| 

a       1     11 

8 

1 

2fi 

10      10 

12      15 

14      U 

l| 

3         8         7 

8 

0 

14 

15        8 

16        7 

18      lU 

]| 

8      0     la 

11 

0 

8 

15      12 

20       0 

21        4 

2 

8       8     ai 

19 

1 

14 

22       6 

27       0 

31        4 

H 

4         0       26 

2 

1 

6 

30       2 

82       8 

41         4 

4 

6         0         6 

10 

1 

aa 

46       a 

50      15 

51        4 

H 

6         1        19 

3 

14 

0 

22 

56      10 

68       8 

80      10 

r 

6         0       SO 

8 

1 

3 

4     1 

78       8 

85       5 

88      12 

H 

7          1        14 

8 

IS 

3 

0   1 

101        0 

121       0 

129       0 

4 

6         3         0 

4 

5 

0 

**  ! 

126       0 

144        0 

158       0 

TABLE. 

PiicA  of  the  WhihooHh  Taps  and  Dies  for  Gas  Tubing, 


Internal 

Diameter  of 

Rpe. 


External 

Diameter  of 

Pipe. 


•38s 
•520 
•66s 
*882 

1*034 
I '303 
1-493 
I  "650 

t74S 
1-883 
a'oai 

3-047 
2-245 


Number  of 

Threads  per 

Inch. 


Internal 

Diameter  of 

Pipe. 


External 

Diameter  of 

Pipe. 


2-347 
2*467 
a'587 
a-794 
3-001 
3*"4 

3  "247 
3*367 
3-485 
3-698 
3-912 
4-ias 

4  339 


Number  of 

Threads  per 

Inch. 
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1 

TABLE 

1 

Siiowing  Uie  Internal  Diameter  of  Pijtea^  in  Decimals  of  an  Inch^  /o1 

Supply  Lighta  at  Certain  DisianceH  from  the  Mairi.     (See  pa^'e  276  | 

^^     for  expliiimtion  of  Table.) 

■ 

Ntunbcr  of  Ligtato.  each  Bttrnin;  Flva  Feel  pot  Honr, 

iritb 

Diiitanco  of 

ft  ProBBure  of  Ono  InGh. 

^H      Usbiii  from  Main  in 

B. 

6. 

10. 

16. 

SO. 

25. 

ao. 

■     ^ 

•15457 

•16882 

-24913 

•29434 

•83876 

•35046 

•B88'24 

■  lO 

-17683 

•21691 

•28617 

•33660 

•8776.5 

•4l2fU 

•44415 

■  l6 

•19176 

■2;i524 

•81U34 

-36504 

•40950 

•44779 

•48167 

^90 

•20SI1 

•24910 

•32872 

-38060 

•43381 

•47429 

•61019 

80 

•23037 

-27020 

•85649 

•41933 

•47045 

•51488 

-65839 

40 

•28331 

■28G20 

•87700 

•44415 

•4B830 

'64483 

•68606 

60 

•24396 

■29927 

'39483 

•46141 

•62105 

■66970 

-61380 

60 

•26302 

•31024 

•40950 

•48167  '   -64041 

•69086 

•69666 

70 

■20094 

•82010 

•42231 

•4%75 

•65733 

•609S6 

-65646 

80 

•aaeoa 

•32873 

•43375 

•51255 

•67341 

•62566 

•67011 

,«> 

•27499 

•83660 

•44408 

•52235 

•68606 

•64077 

■68926 

00 

'28023 

•84877 

•453-S4 

•  633-18 

•69854 

•55442 

•70899 

160 

•30891 

•87281 

•49IS6 

•67064 

•64909 

•70970 

■70389 

aoo 

•32191 

•39489 

•62008 

•61281 

■68763 

•75173 

•80860 

260 

•83660 

•41291 

•auiQ 

•61077 

•71891 

■7B604 

-84560 

300 

•34901 

'428145 

•66507 

■66467  1  -74561 

•81623 

•87«ei 

B 

Norr 

ber  ot  Lifffats.  euA  Bnminf  Five  Feet  per  Hour. 
a  Pmson  of  Quo  Ineh. 

with 

DlBianoo  of 

Ll^ta  from  Main  In 

^^B 

ITOOl. 

1 

40, 

60. 

100. 

150. 

SOO. 

30Q. 

5 



•43381 

•47430 

•62677 

■739U 

■82581 

•97526 

10 

-49832 

■54484 

'71881 

&3776 

'94863 

11157 

16 

•64041 

■r.«K)&6 

•77954 

uiotra 

10288 

l-a099 

SO 

-57341 

•G'2r>S6 

•82571 

97123 

1-0897 

1-2816 

ao 

-oao76 

■67872 

-89646 

0593 

11817 

1-3898 

40 

•65768 

•71891 

-04848 

1156 

1'2517 

14731 

60 

'68763 

•75172 

•99177 

1665 

i-3oeg 

1-6998 

60 

•71B07 

■7792S 

10286 

2099 

l'»fi74 

1-6966 

70 

•73640 

-&0-I06 

1-0008 

3478 

1-3999 

1*6464 

80 

76530 

•82582 

1  0896 

2874 

1^487S 

16910 

90 

•77331 

'81550 

1-1166 

3121 

1-4731 

1  7318 

100 

•78978 

'8fl851 

1-1394 

3400 

1-5035 

1-7681 

160 

•85649 

•93688 

1S350 

J  533 

16806 

1-9175 

900 

•M720 

-99191 

1-3088 

5393 

l'7a70 

&0B11 

a&o 

•94863 

1 -0371 

1-3686 

6095 

18068 

2-1338 

800 

■ 

•38389 

1-0757 

1'4197 

1'0C98 

1-8799 

2-9S40 

F 

r 

■ 

■ 

■ 

^^^1 

^^^^^^^^^H 

^ 

^m          2m 
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^^^^                                           PRICE  LIST  OF  WROUGHT^ 

^^^^^_ 

''^ 

^^H            Ho. 

Imtxbval  Duhbteb.    Ischhb. 

i 

i 

« 

i 

! 

^ 

a.  a. 

a.   a. 

a.   a. 

a,    d. 

t.     d. 

^^ 

^^^1 

Tabei,  2  to  14  feet  loog,  per  fftot 

0    2 

0    2| 

0    3 

0    4J 

0     6 

o 

^^^H 

Piecefl.  12  to  28^  inoliea  long,  etkcU 

0    4 

0    5 

0    7 

0    9 

1     0 

X 

^^^H 

Do.       3  to  Hi 

0    2 

0    » 

0    4 

0    G 

0  e 

o 

^^^H 

LoDgurewi,  12  to  S3|  „              ,, 

0    5 

0    7 

0    9 

0  U 

1    2 

1     s 

^^^B 

3  to  114  „ 

0    4 

0    & 

0    0 

0    B 

0  10 

^^^H 

Beads  

0    H 

0    04 

0    7 

0    8 

0  u 

^^^m              769 

Springs,  not  Socketed  .     .         ,, 

0    4 

0    5 

0    fl 

0    7 

0    9 

o  n 

^^^H              ID  11    SoDket  UoioD  (10),  Pipe  Do.  (11) 

2    0 

2     C 

a  0 

4    0       5     0 

^^^^H                13     Blbowa,  Wrought-lron      .     .     . 

0*'8 

0    Gi 

0    7 

0    8 

0  10       1      2j 

^^H                13     Teea                                    ... 

0     6 

0    ft) 

0    7 

0    9 

1    0      1     s/ 

^^^H 

CroBsea               „                  ... 

0  10 

1     0 

1     0 

1     0 

1    9 

2     9 

^^^H 

FUin  Sockets 

0     14 

0    li 

0    2 

0  a 

0    ^ 

'>.A 

^^H 

DiminUhed  Sockets     .     ,     .     . 

0  a     0   i 

0    5 

0    6 

0    7 

^^^H 

FlftDgea     

q"8 

0    9 

0  10 

1     0 

1     S 

1     4 

^^^H              IS  19 

Cftpa  (18),  PluRB  (19)     .... 

0     2 

0  a 

0    3 

0    4 

0    5 

0    6 

^^^H          ao 

BacknuU  {'20),  Nipples  (21)    .     . 

0     1 

0    2 

0    2 

0    3 

0    H 

0    4 

^^^H 

tlDton  BendB 

2    6 

3    0 

3    9 

5    0 

6    3 

^^^H 
^^H 

Ronnd  Elbows,  Wrooght-Iron    . 
IrOD  MaiQ  Cocki 

o'V 

0    7 

0    8 

0    0 

1    0 

1    i 

S    8 

a  3 

3    0 

8    6 

4    fl 

f\    fr 

^^^H 

Do.           with  BruB  PIukb 

4    6 

6    6 

7    6 

10    ft 

^^H 

Round  W»y  Iron  Cocks     .      .      . 

.. 

.. 

3     C 

4    0 

6    G 

7    6 

^^H 

Do.            with  Braas  PlngH 

G    0 

G    G 

9    0 

13    0 

^^H 

Cock  SpftnnerH,  WrouRlit'Iroci    . 

1     0 

1     4 

1     8 

S    0 

^^H 
^^H 

Do.        Mftlleable  Caat-Irou 
Syphon  Boxea,  1  Qo&rt    .     .     . 

•• 

•  • 

0    7 

0    8 

0  10 

1  a 

.. 

.. 

,_ 

11    0 

12    0 

13    0 

^^^1 

Do.         a     „        .     .  •. 

, , 

, , 

, . 

10    0 

17    0 

^^H 

Do.           8 

** 

, , 

. , 

^    0 

22    0 

^^^m 

Do.          4      „         ... 

,, 

21     0 

23    0 

^^H 

MftllMble  Out  Bound  Elbowi    . 

0**6 

0"6i 

0    7 

0  '  8    1  0  10 

1    S. 

^M             (35)  TonRs  or  Nippers,  (36)  StoclcB,  Dies,  and  Taps,  at  prices  as  quoted 

^H                     hy  till!  munufacturer. 

^M             If  Tubus  nry  required  to  be  i>f  longer  leuxt^i  l*i:'ii  H  ^^-t  tliey  are  cliarjpMl 

^H                     at  the  next  lii<;her  rate. 

^H             Tubes  f»f  intermtv^mte  diameters  chnrj<ed  at  lln   price  of  1!ib  next  larger 

^B                     8ize. 

^^ft            springs ;  if  socketed,  Hocket^  added  at  Vxat  prices. 

i 
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IRON  TUBING  AND  FITTINGS,  &c 


li 

H 

If 

2 

H 

2i 

2J 

3 

Si 

4 

1  i. 

L     d. 

L   d. 

■.  d. 

i. 

d. 

Mm 

d. 

h  d. 

i.  d. 

i.  d. 

«.  d. 

ou 

1  a 

1    fl 

1  a 

3 

7 

3 

3 

4    0 

4    0 

fi    6 

7    0 

1  B 

3    0 

fl    G 

3    0 

i 

6 

e 

8 

7    C 

9    0 

11    B 

14    G 

I  1 

1    4 

a  0 

a  B 

i 

0 

4 

» 

fl    0 

7    0 

e  0 

9    0 

!  ^ 

2    G 

a  0 

4    0 

5 

G 

7 

0 

8    G 

10    0 

12    5 

15  a 

1 3 

2  a 

a  6 

S    0 

4 

<J 

5 

6 

0    6 

7    fi 

8    B 

10    0 

1  0 

3  a 

3  a 

4    S 

a 

6 

10 

0 

la  0 

16    0 

as  0 

83    A 

1   4 

1  e 

3    6 

S    3 

6 

(J 

7 

6 

10    0 

la   0 

19    0 

aa  0 

M      B    0 

g  a 

ID    Q 

la 

0 

14 

0 

m  0 

13    0 

aa  0 

aa  0 

19      3    3 

3    0 

3    6 

5 

6 

B 

fl 

n  0 

14    0 

2-2     0 

^    0 

1   9 

3    6 

3    0 

d     9 

6 

0 

e 

6 

12    G 

Hi    6 

M    0 

30    0 

8  0 

s  a 

«    6 

fi    3 

10 

a 

IG 

0 

ill    0 

30    0 

42    0 

50    0 

»  S 

0    7  1    0    9 

1    0 

1 

G 

a 

6 

3    0 

a    B 

5     0 

fi    0 

0  9    on 

1    1 

1    B 

a 

0 

3 

0 

4    0 

6    0 

7    0 

g  0 

1  * 

I    9 

2    0 

a  a 

s 

e 

6 

0 

«    0 

8  a 

10    0 

11    G 

D  a 

0  10 

1    0 

1    8 

a 

0 

a 

a 

9  e 

4     fi 

7    0 

10    0 

D  6 

0  e 

0  10 

1    0 

1 

e 

2 

3 

3     0 

3    6 

4    6 

6    6 

8  fl 

10    0 

11    6 

IS  a 

IG 

0 

19 

0 

22    0 

26    0 

SO    0 

m  0 

Ul 

3    G 

a  4 

S  10 

G 

6 

10 

0 

13    0 

IG    0 

25    0 

32    0 

Ti 

U    0 

a  0 

IS    0 

27 

Q 

m 

0 

44     0 

50    0 

75    0 

90    0 

H  0 

19    6 

W    0 

3^    0 

47 

0 

00 

0 

flO    0 

110    0 

HO    0 

190    0 

10  0 

la  0 

17    6 

sa   0 

as 

0 

C4 

0 

fi2    D 

TO    0 

hio  0 

IGO    Q 

«  0 

ES    0 

iJ6    0 

43    0 

IH) 

0 

b& 

a 

105    0 

vm  0 

ISO    0 

180    0 

3  i 

S    0 

B    G 

4    0 

4 

9 

6 

0 

7    B 

9    0 

12    0 

14    0 

1  s 

3    3 

a  9 

8    8 

4 

9 

6 

0 

7  e 

9    0 

13    0 

14    0 

M  0 

15    0 

IB  e 

le  0 

IB 

Q 

Id  0 

19    D 

21     0 

23    0 

25 

0 

m' 

"o 

3fi'  0 

40"0 

H  0 

26    0 

m  6 

38    0 

,12 

0 

as 

0 

40   a 

45    0 

50*  0 

56  *0 

SS  0 

S7    0 

ae  0 

31    0 

S4 

0 

36 

0 

43    0 

47    0 

64    0 

GO    0 

1  s 

3    8 

a  0 

8    S 

fi 

6 

9 

0 

13    0 

15    0 

dO   0 

40    0 

Discount 


'Ga8  tubes  and  fittings,         per  cent. 
Galvanized  „  „ 

Steam  and  water    „  „ 


Galvanized  „ 

Iron  Cocks  over  2  in.  at  spe(nal  diHcountH. 
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PUBLIC  LIGHTING. 

The  height  of  a  lamp  pillar  or  column  (Fig.   135),  measui 


1 


T 


Fir..  J  35.  Km.  136. 

from  ihe  surface  of  the  ground  to  the  centre  of  the  flame, 
not  exceed  10  ft. 


^ 

^ 
^ 
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A  |-in.  or  even  a  J-in.  lead  pipe  is  not  suitable  for  placing  in 
the  interior  of  a  lamp  column.  In  cold  districts,  in  winter,  the 
conden!>ed  moisture  in  a  pipe  of  this  small  bore  becomes  frozen, 
filling  up  the  entire  leng^th  with  solid  ice  in  a  very  short  space  of 
time.  This  is  probably  due  to  the  wavy  irregularities  In  the  pipe 
preventing  the  water  from  draining  rapidly  away. 

Galvanized  wrought-iron  pipe  is  best  for  lamp  columns  and  for 
placing  against  a  wall  for  the  supply  of  a  bracket  lamp,  and  ^  in. 
is  the  smallest  size  that  should  be  used.  In  situations  exposed  to 
cutting  winds,  and  where  the  frost  is  keen,  j-in.  wrought-iron 
pipes  are  best. 

If  the  service  pipe  at  the  entrance  to  the  base  of  a  lamp  column 
has  not  very  ample  fall  lo  the  main,  the  water  of  condensation, 
unable  to  drain  quickly  away,  will  inevitably  be  frozen  at  that 
point  during  frost,  and,  by  accretion,  will  eventually  interrupt  the 
passage  of  the  gas. 

ft  is  not  unusual  to  find  one-half  the  public  lights  in  some 
districts  extinguished  at  night  when  a  severe  frost  prevails. 
This  is  simply  due  to  mismanagement,  as  it  would  not  occur  if 
attention  were  paid  to  the  matters  indicated  above. 

Seventy  yards  is  the  maximum  distance  apart  at  which  public 
'amps  should  be  placed. 

A  new  and  entirely  novel   form   of  tamp  post  (Fig.    136)  has 

**een  introduced  by  J.   &  J.  Braddock.      It  consists  of  four   i-in. 

^Toiight-iron  tubes  held  together  at  thret*  points,  in  addition  to 

the  base,  by  cast-iron  binders,  one  of  the  tubes  being  used  as  the 

I  Service  pipe  for  conveying  the  gas  to  the  burner.     Panels  may  be 

"Seed  at  the  foot,  or  it  can  be  left  open,  as  desired.     No  ladder- 

^*"rn  is  required,  as  the  tubes  on  any  side  form  a  square  support 

^^    a  ladder  to   rest  against.      The   tubes    are   continued    down 

"rough  the  visible  base,  and  are  screwed  into  a  cast-iron  plate 

"f^derground.     Altogether,  the  standard  has  a  neat  appearance, 

*'^*3,    owing  to   its   lightness  — under   2   cwt. — ^and   the  ease  with 

^^'hiQii  it  can  be  taken  to  pieces  and  set  up  again,  it  is  specially 

^^^pted  for  export. 

The  ordinary  four-sided  lamp  is  the  most  serviceable  for  general 
^^-      It  is   14  in.  square  at  the  widest  part,  and  made  of  ttnned- 
^^Pper. 

The  street  lamps  designed  by  Mr.  Sugg  (Fig.  137)  and  Mr.  Bray 
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(Fig's,  138  and  139),  with  dusters  of  Rat-flame  burners,  and  the 
lamp  and  regenerative  burner  of  Herr  F.  Siemens  (Fig.  i4*^)»  have 
much  improved  the  lighting  of  streets  and  squares  wherever  they 


Fu:.  137, 


have  been  introduced,  and  have  proved,  at  the  same  time,  that 
eflicienl  street  ilhiminalion  by  means  of  gas  is  perfectly  attain- 
able whore  there  is  a  willingness  on  the  part  of  towns'  authorities 
to  incur  the  expense. 

The  earlier  street  lamps  were  constructed  with  opaque  reflect- 


I'i>:.  140. 

ing  tops,  and  the  glazed  tops  were  afterwards  introduced  as  an 
improvement.     When  the  whole  of  the  light   is   reflected  down- 
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wards,  the  fronts  of  the  houses,  except  for  a  short 
space  above  the  height   of  the  lamp  column,   are 
phced  in  a  state  of  utter  darkness,  and    to    pas- 
seng-ers    walking    along    the    streets    the   gloomy 
canopy   overhead^    rendered  all    the   more   sombre 
and   distressing  from  the  concentrated  light  under- 
neath, has  an  unearthly  and  depressing  effect. 

On  the  other  hand,  where  the  main  thorough- 
fiares  of  a  large  town  are  lighted  with  the  capa- 
cious lamps  above  described,  with  semi-transparent 
crowns,  admitting  of  the  radiation  of  a  portion  of 
the  light  on  the  house  fronts,  the  effect  is  pleasing 
and  satisfactory. 

The  incandescent  gaslight  is  growing  in  vogue 
for  street  lighting,  and  nothing  in  artificial  illumina- 
tion can  exceed  it  either  as  regards  efficiency  or 
economy,  provided  due  care  and  intelligence  are 
exercised  in  settling  the  design  of  the  lamp  with  a 
View  to  controlling  the  air  supply,  and  in  applying 
'he  adjustment  necessary  to  counteract  the  effects 
^'    vibration  caused  by  traffic. 

The  Kern  burner  and  those  produced  by  the 

^^'layrouze  Light  Syndicate  are  o(  note,  and 

S'>v-e  a  high  illuminating  duty  per  cubic  foot  of 

Attempts  to  manufacture  inverted   incan- 

^Scrent   lights   point    to   a   successful    issue. 

_  ""^^ady   there   are   burners  on   this   principle 

S^v-ipg  70-candle  light  for  a   consumption  of 

only  2i  cub.  ft.  of  gas. 

The  advantage  of  inverted  lights  will  be,  of 

^^^-^rse,  in  the  possibility  of  doing  away  with 

^^'    gallery  or  frame,  and  therefore  obtaining 

shadowless   light   as    in    the    incandescent 

^*^c:tric  light. 

The  square  at  the  bottom  of  the  ordinary 
'^*"*^  of  lamp  is  generally  in  two  or  three 
P^rts,  one  of  them  being  hinged  on  the  outer 
^^Sc,  for   raising   when    the   lamp   is   to   be 


Fn;.  142. 


S86 


NEWBKJGINO'S   HANDBOOK   FOR 


Hg-hled  by  the  pole.  It  is  a  common  occurrence  to  find  a  poriion 
of  the  bottom  missing^  altogether,  and  the  flume,  thus  exposed  to 
the  action  of  the  wind,  is  in  a  stale  of  constant  oscillation,  whereby 
much  of  the  illuminating  power  of  the  gas  is  sacrificed. 

The  supply  of  jjas  to  ordinary  public  lamps  is  usually  fixed  at 
5  cub.  ft.  per  hour  for  common  y;as  up  to  17  candles  value  ;  for 
cannel  gas  up  to  30  candles  value,  the  supply  per  hour  varies  from 
4  to  3  cub.  ft. 

A  regulator  to  each  lamp  is  a  necessity  In  order  to  secure  this 
measured  supply  or  a  near  approximation  to  it,  and  not  less 
so  to  obtain  the  best  illuminating  effect  from  the  gas.  Bor* 
radaile's  regulator,  which  is  well  known,  is  shown  in  section  in 
Fig.  141. 

Hutchinson  Brothers'  lamp  service  cleaner  (Fig.  142)  is  a  handy 
instrument,  easily  applied,  for  clearing  out  obstructions  of  all 
kinds,  both  from  services  and  fittings. 

Satisfactory  public  lighting,  as  between  gas  companies  and 
local  authorities,  is  best  secured  by  the  adoption  of  a  good 
average  meter  system,  and  the  application  of  a  regulator  to  every 
lamp. 

There  have  recently  been  introduced  various  systems  of  high 
pressure  tncandescenl  gas  lighting,  specially  suitable  for  public 
lamps.  The  three  methods  in  use  for  increasing  the  pressure 
of  gas  supplied  to  the  burners  are:  (1)  The  compression  system  ; 
(2)  the  induced  draught  system  ;  and  {3)  the  Scolt-Snell  system. 

In  the  first,  the  requisite  pressure  of  8  to  lo  in.  water  may  be 
obtained  with  a  compressor  worked  by  a  water  motor,  hot-air 
motor,  or  gas  engine^  with  a  special  service  pipe  laid  from  the 
compressor  to  the  lamps. 

In  the  second  and  third  .systems  the  pressure  is  obtained  b\' 
the  use  of  a  sjiecially  constructed  lamp,  and  has  the  advantage 
over  the  compressor  system  that  no  special  service  pipe  is 
required. 

The  illuminating  power  obtained  is  equal  to  from  30  to  40 
candles  per  cubic  foot  of  gas  consumed,  as  compared  wMth  18  to 
20  candles  per  cubic  foot  with  an  ordinary  incandescent  burner. 
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We^ht  and  Thickness  of  Glass  for  Public  Lamps. 


Ho.  of  the  Glass 

or 

Weight  in  Ounces 

per  Square  Foot, 

12 

»3 
15 
16 

17 
19 


Thickness 

in 

Decimals  of  an  Inch. 

■059 
•063 
■071 
•077 
•083 
•091 


No.  of  the  Glass 

or 
Weight  in  Ounces 
per  Square  Foot. 

21 

24 
26 
32 
36 
42 


Thickness 

in 

Decimals  of  an  Inch. 

•100 
'III 
•125 

•154 
■167 

*200 


Hule  to  find  the  Length  of  Day  and  Night. 

Day. — The  hour  of  sunset,  doubled,  is  the  length  of  the  day. 
Night. — The  hour  of  sunrise,  doubled,  is  the  length  of  the  night. 

Rule  to  find  the  Hours  of  Sunrise  and  Sunset, 

I^^<3uct  the  hoar  of  sunset  from  12  ;  the  difference  is  the  hour  of  sunrise,  and  vire 
ver-sa^ 

The  Moon's  Rising  and  Setting, 
At    4  days  old,  the  moon  sets  about  10  o'clock  at  night. 


At    5 

> 

)          II 

•                    it 

At    6 

>           12 

'                     " 

At    7 

.              I 

in  the  morning. 

At  IS 

the  mo€ 

m  rises , 

6 

,       in  the  evening. 

At  16 

»i 

7k 

'                 »» 

At  17 

1 

H 

*                 »» 

At  18 

,       10 

,       at  night. 

At  19 

»i 

.       II 

f            II 

At  20 

f 

t       12 

»            »» 

CONSUMERS'  GAS  METERS. 

_,  ^as  meters  are  either  **wet"  (Figs.  143  and  144)  or  **dry" 
^^  *^-^,  145  and  146). 


\ 


"^he  wet  meter  has  a  measuring  wheel  or  drum  enclosed  in  an 

'^^n    case  charged  with  water  up  to  a  certain  level,  called  the 

^!iter-Hne."     The  drum  is  divided  into  compartments  similar 

^   the  station  meter,   and   the   measurement  and  indication,    or 

^^istration,  of  the  gas  passing  through  it  are  performed  in  the 

s^me  manner. 

The  dry  meter  has  usually  a  case  of  tinned-iron.      This  is 
Widcd  into  compartments  by  a  central  partition  and  two  or  more 
''lovable  diaphragms  with  prepared  flexible  leather  sides.      The 
»9 
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gas  enters  and  leaves  these  compartments  alternately  through 
valves  whose  passag'es  are  made  to  open  and  close  at  the  proper 
moment.  The  alternate  expansion  and  contraction  of  the  inner 
and  outer  spaces  (after  the  manner  of  the  ordinary  bellows),  bV 


144, 


the  pressure  of  the  ^as  exerted  on  the  surfaces  of  the  dtaphra 
are  communicated  by  levers  and  cranks  to  the  wheehvork  of 
indicators,  which  arc  alike  In  both  classes  of  meter. 

Meters  as  tested  under  the  provisions  of  the  **  Sales  of 


as 


^^"^^ 


Fic.  145. 


Fin.  [46. 


Act,  1859,*'  arc  stamped  as  correct  by  the  inspector  when  lh<s*** 
registration  does  not  vary  from  the  true  standard  measure  of  ^^* 
more  than  2  per  cent,  in  favour  of  the  seller  and  3  |>er  cent-  *" 
favour  of  the  consumer.  Added  together,  the  range  is  5  per  ce*^'- 
'*  Compensating "   meters    were    introduced  to   overcome    *-*^ 
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difficulty  caused  by  the  limitation  in  the  rang-e  of  the  water-level 
of  wet  meters. 

Most  of  these  have  a  reservoir  of  water  within  the  case  distinct 
from  the  water  in  which  the  measuring  wheel  revolves ;  and 
various  automatic  expedients  are 
adopted  for  transferring^  this  water, 
as  long  as  it  lasts,  to  Lhe  body  of  the 
meter,  to  compensate  for  the  diminu- 
tion of  water  therein  by  evaporation  or 
otherwise. 

The  action  of  the  Warner  &  Cowan 
measuring  wheel  (Fig.  147)  is  inde- 
pendent of  the  waler-line  :  the  com- 
pensation in  this  instance  being  effected 
by  a  second  and  smaller  wheel  con- 
tained within,  and  revolving  with   the 

larger  one,  but  having  its  partitions  arranged  in  the  opposite  direc- 
tion. When  a  depression  occurs  in  the  water-line  of  a  meter  from 
*ny  cause,  a  volume  of  gas  in  excess  of  the  true  quantity  is  passed; 
l>ut  in  this  instance  the  excess  in  volume  of  the  gas  is  returned 
oy  the  small  wheel  to  the  meter  inlet  to  be  remeasured. 


The  Sanders  &  Donovan  meter  (Fig.  148)  is  provided  with  a 
'^'^pensating  hollow  float  of  metal  plate,  accurately  balanced  on 
P'^ots  within  the  front  portion  of  the  case,  and  independent  of  the 
*^^ter's  action.  As  the  water  is  added  to  or  withdrawn^  the  float 
[*^csor  sinks  in  proportion,  and  thus  the  correct  level  is  mainta^med. 
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When  the  drum  or  measunng"  wheel  of  a  meter  ts  driven  a 
speed  exceeding-  120  revolutions  per  hour  (except  two  and  three 
lights,  when  it  may  have  a  speed  of  r44),  it  absorbsan  undue  amount 
of  the  available  gas  pressure,  and  its  registration  is  falsified.  It  is 
important,  therefore,  to  see  that  all  meters  fixed  are  adequate  to 
tho  supply  of  the  greatest  number  of  lights  in  use  at  one  time  on 
the  premises  of  the  consumer. 

Mr,  Urquhart's  *' Reliance"  meter  and  Mr.  Hunt's  meter, 
both  of  which  are  on  the  compensating  principle,  though  different 
in  character>  are  exceptions  to  the  rule  above  stated,  as  they 
measure  correctly  even  when  the  measuring  wheel  is  caused  to 
revolve  at  speeds  in  excess  of  the  normal  rate.  This  result  is 
obtained  by  a  reverse  action,  by  which  the  gas  enters  through 
passages  in  the  valve  chamber  in  the  body  of  the  meter,  and 
thence  into  the  drum,  from  which  it  makes  its  escape  through  the 
bent  tube  to  the  outlet.  The  inlet  pressure  thus  bears  upon  nearly 
the  whole  surface  of  the  contained  water,  and  the  measuring 
chambers  are  practically  unaltered  in  capacity. 

It  need  scarcely  be  pointed  out,  however,  that  anything  like  a 
general  resort  to  the  practice  of  allowing  the  use  of  meters  too 
small  for  the  consumption  except  at  extraordinary  pressures,  is  a 
serious  evi!  in  various  ways — loss  by  leakage  is  increased  ;  the 
illuminating  power  of  the  gas  is  practically  reduced  ;  and  con- 
sumers, whose  meters  and  fittings  are  adequate,  suffer  by  the 
prevailing  high  pressure. 

One-light  meters,  which  formerly  were  extensively  employed, 
are  now  altogether  inadmissible  ;  and  even  two-light  meters 
should  only  be  sparingly  used.  The  low  price  at  which  gas  is 
sold  encourages  its  extended  consumption  ;  and  the  houses  are 
becoming  fewer  in  number  every  day  where  this  small  size  is 
sufficient  to  afford  an  adequate  supply,  at  reasonable  pressures,  to 
the  quantity  of  lights  in  regular  use. 

The  regular  periodical  inspection  of  meters  is  a  point  of  the 
utmost  importance,  and  ought  never  to  be  neglected.  The  indices 
of  meters  In  dwelling-houses,  &c.,  should  be  noted,  and  water 
supplied  to  the  proper  level  wherever  deficient,  at  least  ance  every 
six  loeeks.  The  meters  in  mills,  manufactories,  and  large  estab- 
lishments of  every  kind  where  the  consumption  of  gas  is  heavy, 
should  be  inspected  for  the  like  purpose  (rucc  every  Jmiri ecu  days. 
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The  inspector  should  always  be  provided  with  a  supply  of 
leather  washers  for  the  different  screws  and  plugs,  to  replace  any 
that  are  worn  out. 

Meters  in  cold  and  exposed  positions  should  be  protected  by  a 
suitable  covering  during  frost,  to  prevent  interruption  to  the  supply 
of  gas  by  the  water  becoming'  frozen.  Woollen  rags  or  wrappings 
of  any  kind  will  answer  the  purpose. 

Greenall  &  Heaton's  '*I'ositive"  meter  (Fig.  149)  differs  in 
construction  from  those  above  described.  The  meter  has  two 
wieasuring"  cylinders,  each  divided  into  two  separate  chambers  by  a 
hollow  cylindrical  piston,  sealed  with  glycerine  within  the  an- 
nular space  between  the  inner  and  outer  parts  of  the  cylinders. 
The  chambers  are  connected  by  the 
gras-ways  to  the  respective  valve  ports. 
The  length  of  the  stroke  of  the  pistons 
>s  fixed  and  definite,  so  that  the  dis- 
placement of  gas  at  each  stroke  is  the 
same  and  does  not  vary.  One  piston  is 
Set  half  a  stroke  in  advance  of  the 
yther,  and  thus  each  carries  the  other 
over  the  centre.  The  glycerine  seal  is 
not  affected  by  the  initial  pressure, 
*^ut  only  by  the  slight  differential  pres- 
sures above  and  below  the  pistons:  In 
other  words,  only  the  slight  pressure 
^hich  is  required  to  actuate  the  meter. 

The    motive    power    meter    is    but    rarely  required,    but   it    is 

exceedingly  useful  in  certain  positions,  where  the  pressure,  from 

some  unavoidable  cause,  is  insufficient  to  afford  an  adequate  supply 

of  gas.      In  construction  it  is  like  an  ordinary  meter,  but  instead 

of  the  gas  pressure  being  the  motive  power,  the  gas  is  exhausted 

from  the  main  by  the  measuring  wheel.     This  is  set  in  motion  by  a 

descending  weight,  attached  to  which  is  a  cord  wound  on  a  drum 

revolving  in  bearings  on  the  top  of  the  meter  case,  the  drum  being 

geared  to  the  shaft  of  the  measuring  wheel,  which  projects  through 

the  back  of  the  case.     The  speed  of  the  meter,  and  consequently 

the    pressure   of    gas    obtained,    are    regulated    by    the   weight 

aforementioned.     Parkinson's  motive    power  meter  is  shown   in 

^'^-  150- 
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The  **  prepayment'*  or  **  slot**  meter,  of  which  Iherc  are 
various  forms,  is  an  ingenious  device  for 
extending'  the  sale  of  gas  amongst  small 
consumers.     By  the  addition  of  a  simple 

1\  mechanism  contained  in  a  box  attached  to 

\j-ii  f^     the    ordinary   wet  or  dry  meter,   and   on 

£Jk^^_^  g^     dropping  a  penny  through  a  slot  therein, 
^^^^^^^fl  a    quantity   of  gas    of  the   value    of   the 

A^^^l^^^  penny  is  allowed  to  pass  to  the  burner. 
When  the  gas  thus  paid  for  is  consumed, 
the  supply  ceases  until  another  prepay- 
ment is  made. 

By   another  arrangement,  on  prepay- 
ment   of  a  given   sum — say   4d.    for  lOo 
cub.    ft. — an   extra  dial    on    the  meter  is 
set  to  pass  the  quantity  of  gas  ;  and  when 
this  is  consumed  a  valve  shuts  off  the  supply,  unless,  in  the  mean- 
time, a  further  payment  has  been  made,  and  the  dial  is  reset. 


Fkj.  150. 


TABLE. 
Slz/^s  of  Mitfr  Unions  as  sugrjiAtftl  by  the  Board  of  Trade  in  1888 


H 


Bise  o(  Meter  Union. 


Bou. 

Cftp.                       1 

Lining. 

6Ue  of 

Mean 

Dtmm«ler 

No.  of 
Thread* 
per  inch. 

Whit- 

Intera&l 

Mean 
Diameter 

No.  <»( 
Threads 
per  inch. 

Whit- 

WOTtb. 

Reiebt 

Exteioal 

DLaznetrr 

Meter. 

of  Exturnal 

Diameter. 

of   Internal 

Dl  Cap. 

to«nter 

Botew. 

worth. 

Bcrew. 

Bou. 

LfKfata. 

lntih». 

iDcbet. 

iDCbei. 

lDCh«l. 

Inches. 

0 

0-70 

m 

0'6O 

0-66 

19 

0-40 

0-60 

1 

0-88 

1!* 

0-&7 

0-M 

19 

0-40 

0C6 

2 

0-htt 

IQ 

0-67 

0'a4 

1ft 

0-40 

0*66 

8 

D-*m 

19 

0-C9 

0-94 

10 

0-6[> 

0-f»6 

6 

116 

u 

0-ft3 

I'lO 

H 

0-60 

0-bl 

10 

1-46 

n 

105 

1-40 

II 

0-60 

I'Oa 

SO 

1-80 

n 

1-42 

1-76 

11 

0-60 

1-40 

BO 

206 

11 

1-65 

2-00 

11 

0-70 

1-63 

60 

2-!2a 

11 

1-80 

2*20 

11 

0-70 

1-75 

60 

9-46 

11 

2-00 

2-40 

11 

0*80 

1S18    _ 

80 

300 

]i 

a-30 

2-95 

11 

1-00 

aasJ 

100 

300 

I] 

2itO 

2-05 

11 

1-00 

ass^ 

IDO 

3*6a 

9 

S'06 

3-6a 

9 

l-«) 

3-03 
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Variations  in  the  dimensions  of  unions  for  equal-sized  meters 
are  a  source  of  expense  in  the  case  of  chanyfinij  from  one  make 
to  another. 

The  Board  of  Trade  in  their  Annual  Report  for  1888  sug- 
gested that  the  unions  of  gas  meters  throughout  the  trade  should 
be  made  of  uniform  size,  and  the  preceding  table  gives  the  dimen- 
sions proposed. 

Testing  Meiers. — For  the  verification  of  gas  meters  by  a  public 
inspector  under  the  "Sales  of  Gas  Act,'*  a  somewhat  elaborate  set 
of  apparatus  is  required. 


Vu:.  151. 


For  ordinary  use  in  testing  meters  in  a  gas-works,  the  foUow- 

^&   may  be   provided  (see  Fig.    151)  :^A  standard  gasholder  of 

^-*  ^ub.  ft.  capacity  ;  a  proving  bench  ;  an  overhead  water  cistern  ; 

loat  of  lights  ;  and  thermometers  for  taking  the  temperature  of 

■^^  air  and  water. 

In  testingt  it  is  important  to  secure  uniformity  in  the  tcmpera- 
^^i~eof  the  air  or  gas  in  the  test  bolder,  the  water  in  the  tank,  and 
■^^  air  in   the  room — viz.,  fxj"  Fahr.  ;    otherwise  corrections   for 
drying  temperature  have  to  be  made. 
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Place  the  meter  to  be  tested  on  the  proving  bench,  charge  it 
with  water  to  the  proper  water-line  (if  a  wet  meter),  and  connect 
it  with  the  holder  and  to  the  float  of  lights  (if  gas  is  being  used). 

See  that  the  pointer  of  the  small  metal  drum  above  the  index 
in  the  wet  meter,  or  of  the  small  circle  on  the  index  plate  of  the 
dry  meter,  coincides  with  one  of  the  figures  marked  thereon.  If 
it  does  not,  pass  a  quantity  of  gas  through  till  the  necessary 
adjustment  is  effected. 

Next,  fill  up  the  test  holder  till  the  O  line  of  the  scale  upon  it 
is  exactly  opposite  its  pointer. 

This  being  done,  turn  on  the  gas  or  air,  and  allow  the  meter  to 
work  till  the  small  metal  drum  has  made  one  or  more  revolutions, 
taking  care  to  close  the  stopcock  when  the  pointer  of  the  drum  is 
exactly  over  the  figure  from  which  the  start  was  made. 

The  meter  registration  is  then  compared  with  that  of  the 
holder  scale.  If  ihey  correspond,  the  meter  is  exactly  correct  ; 
but  if  the  scale  on  the  holder  indicates  less  or  more  than  the  small 
drum  on  the  meter,  the  percentage  of  error  is  calculated  ;  or  it  can 
be  ascertained  on  reference  to  the  Table  on  the  following  pages. 


f 
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1 
TABLE. 

Shffwin^ 

the  Perc0Uage  of  Error  in  Meters  accmlinff  na  their  Il^tration 

differs  j'rom  the  Indications  of  the  Test  Oasholder. 

The  sign  +  t«  aaed  to  indicate  fast,  and 

-  to  iudicftte  tlouj. 

Afetori 

Dot  exce«diDK  2  per  c«nt.  fut,  or  S  per  cent.  kIow,  are  oorrAot  within  the 

meAoing  o«  the  "  S»1m  of  Om  Act." 

Jkf«ter  ReffisterioK 

Meter  Il«KitteriDK 

Meter  Itogisteriog 

Meter  Kegiatering 

IFoot 

SFeeU 

8  Feet. 

3  Feet. 

0»  So.li 

Amount 

ol 
Ercor. 

RMdlng 
of  Scale 

Anaoant 

of 
Error. 

Reading 
of  8o«)« 

AmouDt 

of 
Error. 

Readiac 

of  Soalu 

AmouDi 

of 
Error, 

off  Oa*- 

ofUiwi- 
holder. 

of  tiu- 
bolder. 

ofOui- 

bolder. 

^OOi. 

Per  C»n». 

FMk. 

Percent. 

FoeC. 

Per  Cent. 

Feek 

PtfOent. 

o-eo 

+  11-U 

1-80 

+   11-11 

2 '70 

+  H-ll 

8 

10 

-     8-93 

-oi 

+     9-89 

■hi 

+  10-60 

-71 

+  10 '70 

11 

-     8-64 

-92 

+     8-70 

■H2 

+     9-ft9 

■72 

+  10' SO 

la 

-     S-B5 

-S3 

+     7-36 

■83 

+     9-29 

■73 

+     989 

13 

-     4-10 

-9M 

+     6-86 

•84 

+     8-70 

-74 

+    9  49 

14 

-     4-46 

-06 

+     6-26 

•66 

+    8-11 

■76 

+     9  00 

IS 

-     4-76 

-W) 

+     417 

■SIS 

+    7-63 

•7fl 

+     8-70 

16 

-     6-06 

-«7 

+   aoo 

■87 

+     6 -Oft 

-77 

+     8-31 

17 

-     6-36 

-«8 

+   a-04 

-86 

+   a-38 

•78 

+     7-92 

16 

-     6-66 

i      -co 

+     I -01 

•89 

+     6^8i 

•79 

+     7-63 

19 

-     6-86 

I    1-co 

an 

roo 

+     5-20 

2-80 

+     7-14 

3 

20 

-     6*t26 

1      -oi 

-     100 

•91 

+     4-71 

•81 

-f     6  76 

21 

-     6-64 

1         -C9 

-     1-97 

■V2 

+     4-17 

-82 

+     6-88 

22 

-     6-83 

1         '<^ 

-    fi'93 

•Da 

+     3^63 

•83 

+     601 

23 

-     7-12 

■        -04 

-    886 

•04 

-H     8^09 

•84 

+     6-63 

24 

-     7-41 

■        -05 

-    4-74 

•06 

+     2-56 

•85 

+     5-26 

26 

-     7-70 

■     -o> 

-    fi-66 

•96 

+     2-04 

•86 

+     4-89 

•M 

-     7-98 

H    '^ 

-    flW 

•97 

+     1-62 

•87       +     4^fi3 

37 

-     8-96 

\m    '  ^ 

-     7-40 

•98 

+     101 

•88    {  +     4- 17 

28 

-     B-64 

■     -<ru 

-     «-2ft 

•99 

+     0-60 

•89 

+     8-81 

29 

-     B-83 

■  l  -  10 

-     11- 10 

a-oo 

NiL 

2*90 

+     8-46 

a 

30 

-     9O0 

■     *  -IL 

-     9  ttl 

■01 

-    0-60 

-91 

+     3  09 

31 

-     9-86 

H  *-^ 

-    1007 

•02 

-     0-99 

.03 

+     2-74 

32 

-     9-64 

•08 

-     1-48 

•98 

+     2-39 

33 

-     9-91 

^^B 

•04 

-     l-9<\ 

•94 

+     204 

B4 

-   10-18 

^^H 

■05 

-     2-44 

-96 

+     1-69 

^^^H 

■00 

-     2^»1 

-9G 

+     1-85 

^^B 

•07 

-     8-38 

•97 

+     l^Ol 

^^^^^ 

i 

•08 

-     3-85 

•ite 

+     0-67 

^^^B 

•at 

-     4-31 

•99 

+     0^33 

^^^B 

2^10 

-     4'76 

8-00 

Nil. 

^^^H 

•n 

-     6*21 

•01 

-     0*83 

^^^H 

\2 

-     6-00 

•02 

-     0-6*i 

^^^^ 

•18 

-     6^10 

■0.1 

-     0-99 

'^^^^B 

•14 

-     «-&4 

■04 

-     1-32 

^^^^^ 

•15 

-     698 

•Oft 

-     1-B4 

^^^H 

•IG 

-     7-41 

■06 

-     1-96 

1 

^^^^H 

•17 

-     7-83 

•07 

-  a-28 

^^^^H[ 

•18 

-     8'«i 

'08 

-   a-60 

^^H 

^^^H 

•18 

-     8-68 

■00 

-   a-fti 

^^^ 

I 
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^^^H           Meter  Begiiteriog 

Meter  Uegiateriug 

Meter  iUgutonug   i 

Meter  Reffiateriaff 

^^^H 

6  Feet. 

6  Feel.             1 

1 

10  Feet, 

^^H           Roodliv 

Araouoj 

tit 
Error. 

Reading 

of  Scale 

Aiaounl 

of 
Error. 

Reedlns 
ofSoele 

Amooni 

ol 
Errer. 

Reeding 
of  Seek 

A  moan  1 

of 
Error. 

^^^                of  Qu- 

of  Gee- 
bolder. 

of  Qm- 

holder. 

of  Oaa- 
faolder. 

^^^L              Feet. 

Per  C«nt. 

Feet. 

Per  Cent. 

Feet. 

Per  Ci'iit. 

Feel. 

Pet  Cent. 

^^B               4-50 

+  u-u 

5-02 

"     0-40 

6-64 

-     9-76 

9^00 

+  u-ii 

^^H           s^ 

H-  lOBt) 

•03 

-   0-eo 

'65 

-     9-91 

■01 

+   10-99 

^^m          -sa 

4-   10B2 

•04 

-     0-79 

■66 

-   10- 07 

'O-i 

4-   10-86 

^^H                 ■&» 

+   10-38 

-06 

-     Q^9U 

■67 

-    10-23 

•03 

+   10-74 

^^H                 -64 

+  10-ia 

•06 

-     1-19 

•58 

-   10- 99 

■04 

4-  10-63 

^^H 

+     »-b9 

■w 

-    i-3a 

■59 

-   10  56 

-05 

+  10-60 

^^H 

+     9-66 

■08 

-     1-67 

6*(J0 

-   10-71 

'0(3 

+   10-38 

^^H                  -67 

+     9-41 

•09 

-     1-77 

■til 

-   30-87 

'07 

4-   1025 

^^^1 

+    9- 17 

G  10 

-     1-96 

■62 

-   11  03 

■08 

4-    10- 13 

^^H                  *G9 

4-    B-aa 

■11 

-     2-15 

•63 

-  11  19 

■09 

4-   lOOl 

^^H 

+     8-70 

•12 

-     2-34 

9-10 

+     9-89 

^^H 

+    HiQ 

•13 

-   a-6a 

■n 

4-     9-77 

^^H                 *62 

+    8-23 

•14 

-   a-72 

•12 

+     9-66 

^^H                 *68 

+     7-99 

■16 

-     291 

-13 

4-     9-68 

^^H 

+     7-76 

•16 

-    a- 10 

-14 

4-     9-41 

^^H 

+     7-53 

•17 

-     339 

•15 

4-     9-29 

^^H 

+     7-30 

•18 

-     3-47 

•16 

4-     9-17 

^^H                '67 

+    7-07 

•19 

-    a-06 

•17 

+     906 

^^H 

+    ti-84 

6-30 

-     3-86 

•18 

4-     8 '911 

^^H 

+     6'til 

•21 

-     4-08 

-19       +     8-81 

^^H 

4-     6-38 

•22 

-   4-ai 

0-20       +     8-70 

^^B                  -71 

+     6-16 

•23 

-     4-40 

'21 

4-     8-58 

^^H 

+     5-93 

•24 

-     4-58 

■22 

+     846 

^^H                  *73 

+     6-71 

•26 

-     4-76 

•23 

4-     8-34 

^^B                  *74 

+     6-49 

•26 

-     4-94 

-24 

4-    8-38 

^^H                  *75 

+     6-26 

■27 

-    6ia 

•26 

4-    8  11 

^^H                  '76 

+     fi-04 

•28 

-     6-30 

•36 

4-     7-99 

^^B 

+   4-8a 

•29 
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•27 

+     7-87 

^^H                  -78 

+     4-60 
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•28 
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^^H                  -79 
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4-     7-64 

^^H                4*60 
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•32 
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4-    7-63 

^^H                  '61 
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•33 

-     6- 19 

•31 

4-     7  41 

^^H                  -82 

+    6-73 

•34 

-     6-37 

•33 

4-   7^ao 

^^H 

+   b-sa 

■3S 

-     6-54 

■33 

4-     7*18 

^^B 

4-     8-31 

•36 

-     6-73 

•84 

4-    7-07 

^^B 

4-     8-09 

•37 

-     6-B9 

•as 

+     6-96 

^^H 

4-   a-tts 

•38 

-     7-»i 

•36 

+     B-84 

^^H 

4-     2C7 

•80 

-     7-24 

■87 

4-     6-79 

^^H 

4-     2-46 

6-40 

-     7-41 

•33 

+     6-61 

^^H 
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-     7-58 
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^^H                4*U0 
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^^H 
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■49 
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•47 
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^^H                   -9d 
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•48 
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^^H 
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^^V 
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10  Feet.                            ^H 
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Error. 
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of  Hcale 

Am  QUO  t 

of 
Error. 

Amoonl      «f 
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UOAlo 

Amount                   ^^^1 

oIOm- 

of  Gr>' 
holder. 

orOai- 
holdnr. 

IJer. 

FMt. 

Per  Cent.  , 

lect. 

Per  Cent. 

Foot. 

Per  Cent.         F 

oet 

iJent.                     ^^^1 

9-63 

+     6  04  ■ 

lU 

U4 

-     (flO 

10 

m 

-     5  80  1     n 

•08 

-     9-75                  ^H 

_            -53 

+     4-D3 

U5 

-     0-60 

57 

-     6-S9  1 

•09 

-     9-83                ^H 

■           -54 

+    4-Ha 

OC 

-     U(K) 

58 

-     6-48        11 

•10 

^H 

^1           '6«S 

+     4-71 

07 

-     0-70 

59 

-     5-57 

•n 

-     9-90                ^H 

^1          *66 

+     4-60 

08 

-     0-79 

10 

60 

-     5^60 

•12 

-    10-07                ^H 

■           -67 

-f-     4-49 

09 

-     U-8fl 

61 

-     6-76 

•J3 

-    10-15                ^H 

■           '56 

+     4-38 

10 

10 

-     0U9 

62 

-     6-84 

•14 

-    10-23                ^H 

■           -59 

+-     4-28 

11 

-     1-09 

63 

-     5-93 

■IS 

^H 

■      d-GO 

-*-     4  17 

12 

-     1-19 

64 

-     6-Oi 

■Itj 

-   10-30                ^H 

■           -61 

+     4  06 

18 

-     1-28 

65 

-     610 

■17 

-    10-47                ^H 

■       -6a 

-h    3'95 

14 

-     1-38 

6G 

-     6' 19 

•18 

-    10-56                ^^1 

■           -6S 

+-     8-84 

16 

-     1-48 

07 

-     6-28 

■19 

-    (0-63                ^^1 

■           -64 

+    a'7a 

16 

-     1-57 

«s 

-     C-87        11 

•2U 

^^1 

+     3-63 

17 

-     1-67 

«9 

-     6  45 

•21 

-    10-79                ^H 

^B         *66 

+     3-52 

18 

-     1-77 

10 

70 

-     6-64 

-22 

-   10-67                ^H 

^B          '67 

+     3'41 

1ft 

-     J-86 

71 

-     6-63 

•2a 

-    10-05                 ^H 

^H          *68 

+     8'81 

10 

20 

-     1-96 

72 

-     6-72 

■24 

-   11-03                ^H 

H        (m 

+    3- a) 

21 

-     2-06 

73 

-   e-Bo 

•25 

^H 

■         9  70 

+   li-m 

22 

-     2- 16 

74 

-     6BU 

■           -71 

+     2-90 

23 

-     2-25 

75 

-     6-98 

^^^H 

■           -73 

+   a-Bs 

24 

-     2*34 

76 

-     7-06 

^^^H 

■ 

+   a-77 

25 

-     2-44 

77 

-     7-15 

^^^H 

■ 

+     2-67 

26 

-     2-53 

78 

-     7-24 

^^^H 

^H          •75 

+     2-66 

27 

-    a-tui 

79 

-     7-32 

^^^H 

■           -76 

+     2-46 

28 

-     2-72 

10 

bO 

-     7-41 

^^^H 

■ 

+     235 

29 

-     2-8-i 

81 

-     7-49 

^^^H 

■           -78 

+     a'26 

10 

30 

-     2-91 

62 

-     7 '68 

^^^H 

^H          *79 

+     2-15 

31 

-     3  "01 

83 

-     7-6»> 

^^^H 

■        9-80 

+     2-04 

32 

-   a- 10 

84 

-     7-75 

^^^H 

■           -81 

+     1-94 

33 

-     8*  19 

85 

-     7-8H 

^^^H 

^H          '03 

+     1-83 

■84 

-     3  29 

86 

-     7-92 

^^^H 

■           63 

+     1-78 

86 

-     8-38 

87 

-     8-00 

^^^1 

■          -64 

+     1'63 

86 

-     a-47 

88 

-     8-09 

^^^H 

^H          'gg 

+     1-63 

87 

-     3'o7 

89 

-     8-17 

^^^H 

^H           -g^ 

+   i-4a 

38 

-     3-60 

10 

90 

-     8-26 

^^^H 

^H          *67 

•f     1-89 

39 

-     3-75 

91 

-     8-34    , 

^^^H 

^H               'QQ 

+   lai 

10 

40 

-     3-8fi 

92 

-     8-42   1 

^^^H 

^H          •gg 

+   1-11 

41 

-     3-U4 

93 

-     8-61 

^^^H 

^B        9*90 

+     101 

43 

-    4-aa 

94 

-     8-69 

^^^H 

^H 

+     0-91 

43 

-     4- 12 

95 

-     8-68 

^^^H 

^H         '02 

+    0-81 

44 

-   4-ai 

96 

-     8-76 

^^^H 

^H              (QQ 

+     0*70 

45 

-     4-31 

97 

-     8-8-1 

^^^H 

^H         'M 

+    0-60 

46 

-     4-40 

98 

-     8-93 

^^^H 

■          '96 

+    0-fiO 

47 

-     4- 111 

0^1 

-     901 

^^^H 

^H          '96 

+     0-40 

48 

-      4  58 

n 

01) 

-     9-OU 

^^^H 

^B         '97 

-(-     0-30 

49 

-     4-67 

01 

-     9  IH 

^^^H 

^H         •90 

+     0-20 

10 

50 

-     4-76 

•oa 

-     9-26 

^^^H 

■         '99 

+     0-10 

51 

-     4-86 

•03 

-     9'34 

^^^H 

■      1000 

Nil. 

•52 

-     4-94 

■04 

-     9' 42  I 

^^^H 

■         '01 

-     0-10 

-58 

-     5-03 

•05 

-     9-51 

^^^H 

-     0-20 

•54 

-   5ia 

■06 

-     9-59 

^^^H 

H 

-     0-30 

•66 

-   s-ai 

•07 

-     9-67 

^1 

U. 

J 

1 

1 

■ 

^ ^ —    ■    n 

K 

^^H 

1 

^^^H 

EWBIGGING'S   HANDBOOK   FOR 

■ 

300                        N 

Meier  Kegialtiruig 

Moler  lte«LsteriOK 

Meier  l^exisleriDg 

Meter  Begieteriiui              ■ 

20  Feet. 

20  Feet. 

20  Feet. 

20  Feet.                      ■ 

R«Ai]tng 
o[  Sculo 

Amount 

of 
Error. 

BcftdiDK 
of  Scale 

Amounk 

of 
Error. 

ol  BeaJe 

Amounl 

or 

Error. 

Reading 
01  Scale 

Amoan 1        1 

■ 

Error.                f 

of  OM' 

of  Qu- 
holder. 

bolder. 

of  Oas- 

bolder. 

Pwt. 

P«r  Cenl. 

Feeu 

Per  Cent. 

Feet. 

Per  Cent. 

Past. 

PerC4k    ^1. 

18 -UO 

+   11-11 

18-52 

+     7^99 

19  04 

+     504 

19*66 

+    2-     as 

•01 

+  ii-o.'i 

•63 

+    7 -9a 

■ua 

-(-     4-98 

•67 

+   a  —  30 

•Ofl 

+  10  iiy 

-64 

+    7-87 

■00 

-1-     4-93 

■68 

+     Si    -16 

■03 

-1-  10-92 

•66 

+    782 

■07        +     4-87  1 

•59 

+  ■=■  "S 

•w 

+   lO-tkJ 

•66 

+     7-76 

-08 

+     482 

19*60 

•05 

+   lO'tfO 

•6V 

+    7^70  t 

■09 

+     4-76 

61 

t    "^  '" 

•Ofl 

+   10-74 

•68 

-i-     7-U4  ] 

19-10 

+     4-71 

'62 

+        za    -M 

•07 

+  10-68 

•69 

■f     7-69 

-11 

+     4-65 

■63 

+         r*.   -S8 

•08 

+  10- C2 

18-eo 

+    7-63 

-12 

+     4-60 

•64 

+       ^  -es  - 

•uy 

+   10  6G 

•61 

+     7-47 

■13 

+     4  64 

•66 

+          ^  -78  I 

18-10 

+   10-60 

•62 

+     7-41 

■14 

+     4  4'.» 

•66 

+          ^   -73   1 

•11 

+  10-44 

•63 

+    7-:i« 

•16 

+     4  43 

•67 

+           ^  •*» 

•la 

+  lo-i^a 

•tA 

+     7  30 

-16 

+     4-38 

'68 

+          i  -M 

•18 

+   I0^3i 

■es 

+     7  •24 

-17 

■i-     4-33 

•60 

+    ^  *s 

•u 

+   10-S<!6 

■S6 

+     7-lB 

■18 

+     4-2tf 

19 '70 

+      ^  '55 

•15 

+   1019 

■67 

+     7-13 

■19 

+     4-22 

•71 

+     ^"2 

•Itt 

+   10-13 

•G» 

+     7-07 

19  -20 

+     4- 17 

'72 
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■            -65 

-     1-63 

•30 

-     4' 12 

■95 

-     660 

60 

-     8*76 

■ 

-     1-B7 

■35 

-     4- 17 

ia7'00 

-     6*64 

05 

-  e-eo 

■           '75 

-     1-73 

•40 

-     4-21 

•06 

-     0-59 

70 

-     8*84 

■            -80 

-     1-77 

'45 

-     4-26 

•10 

-    6- (a 

76 

-     8-89 

■            '85 

-    i-&a 

104-50 

-     4-31 

■16 

-     0-68 

bO 

-     8  98 

■        -vo 

-     1-87 

•55 

_     4-36 

-20 

-     6-72 

85 

-     6-97 

■            '% 

-     1-Bl 

•GO 

-     4-40 

•26 

-     6-76 

90 

-     0  01 

■      10200 

-     M«i 

•&=i 

-     4-46 

•80 

-    ivai 

95 

-     9-05 

■              06 

-    a-oi 

■70 

-     4-49 

•86 

-     686 

110 

OO 

-    909 

B        -10 

-   2  oa 

■76 

-     4-54 

•40 

-     6-89 

30 

-     9-18 

■           '15 

-     2-10 

■80 

-     4-58 

•46 

-     694 

20 

-     0  36 

■            -20 

-     216 

•86 

_     4-03 

1Q7-50 

-     6-98 

30 

-     9-34 

■             *25 

-     2  20 

■90 

-      4-67 

■66 

-     7-02 

40 

-     9-48 

■             -M 

-     2-26 

•95 

-      4-72 

■00 

-     706 

50 

-     9-61 

■             *S& 

-     2tJ0 

105  00 

-     4  76 

•66 

-     711 

60 

-     9-69 

■            '40 

-    a-M 

■06 

-     4-81 

•70 

-     7- 16 

70 

-     9-67 

■            '45 

-    Qa-j 

■lU 

_     4-8& 

•76 

-     7-20 

BO 

-     9  76 

■       102-60 

-.     2-44 

-15 

-     4\i(.i 

•80 

-     7-24 

90 

-     9-88 

■              -55 

-     '2 -49 

■20 

-     4-94 

•86 

-     7^28 

111 

■OO 

-     9  91 

K             -60 

-     2-63 

■25 

-     4-99 

•90 

-     7-32 

10 

-     9-99 

■             -G6 

-     2-68 

•80 

-     5-03 

•96 

-     7-37 

20 

-  10- 07 

■            -70 

-    2'(i;i 

•36 

-     6*U8 

108-00 

-     7-41 

30 

-    10-16 

■           -76 

-     208 

■40 

-     5-12 

•06 

-     7-46 

40 

-    10-23 

■       -ao 

-     2-72 

•45 

-     6-17 

•10 

-     7-49 

-50 

-    10  31 

■            'B6 

-     2-78 

105-60 

-     6-21 

•IB 

-     7-54 

60 

-    10-89 

■             '90 

-     2-82 

•65 

-     5  20 

-20 

-     7-58 

•70 

-   10-47 

■             -96 

-     2-87 

■60 

-    5-yo 

•25 

-     7^62 

-80 

-   10-fi£ 

■     Joe  00 

-     -I'Jl 

•66 

-     G'36 

•30 

-     7-G6 

-00 

-   10-68 

■            -05 

-     2  96 

•70 

-     5-39 

•86 

-     7*71 

112 

-00 

-  10-71 

■            -10 

-   a-01 

•75     1   -      6*44 
■80       -     5W 

-40       -     7'7fi 

•10 

-  i0'19 

H            '16     !  -     BOG 

-45        -     7-7U 

■20 

-  1087 

■            •»    '  -     8-10  i;         -Rr.    1   -     6-53 

10860        -     7&3 

1         -30 

~  10*96 

L.                     J 
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NoTE.^Any  other  quantity  maybe  calculated  by  the  rule 
proportion,  thus: — 

Meter  registering'^       ....  100*00  feet. 

Reading-  of  scale  of  test  gasholder     .  89'95     n 


Difference     .         .         .  10*05    »» 

89*95  •  J*^  •  •  10*05  :  I  i'i7  fast. 
And  Meter  registering      ....         1 00*00  feet. 
Reading  of  scale  of  test  gasholder     .         1 12*55     *« 


Difference     .  <2*55     ,, 

1 1^'35  :  100  :  :  I2'55  :  i  i'i5  slow. 

TABLE 

Shoroififf  the  Dilatation  of  Gas  in  Contact  wittt  Water  and  Saturated 
with  Aqueous  Vapour^  for  given  Temperature.     (Professor  A  irey.) 

(Used  in  making  Correciions  for  Temptrraiure  in  ihe  Trsling  ol  (i.i*  Meters.) 


TemiHTfttcro 

PeroenUiec 

Tomperature 

Percent  Affe 

Tcmporaturo 

PeroenUgv 

Id  Fulirvniiuit'ft 

ol 

in  Ftthruniieil'a 

o( 

iu  Ffthrenlieil'a 

of 

baal«. 

IMUtoUon. 

Scale. 

Dilatation. 

Bonlv. 

Dilatation. 

81-40 

0 

64-33 

H 

74-80 

11 

33-64 

\ 

66-24 

6 

75*94 

lU 

85-70 

1 

58-13 

Ci 

77-23 

12 

87»i 

38 

60-03 

7 

78  Bl 

\u 

89-91 

2 

62-00 

n 

80-40 

18 

42-05 

'21 

68-77 

8 

81-94 

is« 

4417 

3 

65-63 

fii 

83-44 

14 

46'2a 

B3 

67-43 

» 

84-88 

144 

4fel-25 

■1 

69-18 

;i4 

86-39 

15 

60-32 

45 

70 -no 

10 

87-83 

15J 

63-36 

6 

7860 

lOi 

89-90 

16 

Note. — 'llic  Tnhlc  shows  the  prrccntagc  ai  increase  of  the  volume  of  gas  atxive  its 
volume  at  the  temperature  of  31  4  Fahr. 


INTERNAL  FITTINGS. 

The  advantages  of  an  ample  supply  of  good  and  pure  gas  a 
frequently  neutralized  by  the  defective  manner  in  which  premises 
are  fitted  internally. 

Bad  gas-fittings  are  generally  the  result  of  cupidity  or  ignor- 
ance. They  are  a  common  cause  of  complaint  from  consumers, 
who  are  often  ready  to  attribute  the  incfhcient  light  which  they 
afford  to  a  want  of  pressure  or  purity,  or  a  low  illuminating  power 
in  the  gas. 
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In  the  matter  ot  internal  tiltitii^^s,  llu'i;as  niaiiai;vr,  1))   iudi^nniU 
and  tact,  can  exercise  a  useful  supervision  even  without  the  aid  of 
statutory  powers  ;  and  his  advice  in  regard  to  the  sizes  of  pipes, 
and  the  kind  of  burners  and  lamps  to  be  used  in  different  situa- 
tions, will  generally  be  accepted  and  acted  upon. 

The  following  regulations  (with  such  additions  and  modifica- 
tions as  may  be  found  necessary)  may  be  adopted  with  advantage 
^3^  Sas  authorities. 


Regulations  as  to  Internal  Fittings, 

1.  The  Company's  (or  Local  Authority's)  servants  will  in  all 
c^Lses  lay  on  the  service  pipe,  conveying  the  same  through  the 
c>*-»ter  wall  of  the  premises  to  be  supplied  with  gas. 

2.  The  main-cock  must  be  attached  to  the  end  of  the  service 
F>il>e  within  the  building  and  close  to  the  outer  wall. 

3.  The  gas  meter  must  be  placed  perfectly  level,  either  on  the 
''Oor  or  on  a  substantial  support,  and  within  2  ft.  6  in.  of  the  main- 

^.  The  piping  attached  to  the  meter,  whether  inlet  or  outlet, 
'"*^'«-ist  not  be  smaller  in  internal  diameter  than  that  of  the  meter 
^■^ions. 

5.  The  following  are  the  sizes  of  the  meters  and  their  measur- 
**^gr  capacity,  from  which  the  number  of  lights  which  they  supply 
^^.r»  be  readily  calculated  : — 


Size  of 

Measuring 

Measuring 

Size  of                            Inlet  and 

Capacity  per                   Capacity  per 

Meters.                              Outlet. 

Revolution.                          Hour. 

In. 

Cub.  Ft.                           Cub.  Ft. 

2-Iight        ...           .Jt        .         . 

^        .         .         . 

3    .. 

8        .        . 

i 

18 

5    .. 

i      ■      ' 

\ 

30 

10    ,, 

A 

60 

IS   .. 

} 

90 

ao    ,, 

I 

I30 

30    ... 

I       • 

% 

180 

50    ., 

300 

60    „ 

3 

360 

80    ., 

I! 

4 

480 

500      „ 

3 

5 

600 

ISO    .. 

3 

7i 

900 

aoo    .. 

3 

10 

1200 

aso    » 

4 

I2i 

1500 

300    .. 

4 

15 

1800 

400    ,. 

4 

20 

2400 

S:: 

5 

25 

3000 

5 

30 

3600 

312 


NEWBI<;aiNG'S   HANDBOOK    FOR 


To  ascertain  the  number  of  lig-hts  which  any  size  of  meter  will 
supply^  divide  the  measuring  capacity  per  hour  by  the  quantity  of 
gas  per  hour  which  each  jet  is  estimated  to  consume.  Kxample: 
What  number  of  lights,  consuming  4  cub.  ft.  of  g"as  per  hour,  will 


a  20-lighl  meter  supply?      Then, 


I30 


30  lig"hts. 


6.  The  following"  arc  the  sizes  and  lengths  of  iron,  lead,  or 
composition  tubes  to  be  used  according  to  the  number  of  ordinary 
lights  : — 


Itilemnl  Diumcler 

Grcaltst  Lenulh 

(ireatest  No 

of 'luhing. 

allowi'd. 

(if  Burners 

In. 

Kt. 

allowed. 

2 

20 

3 

8 

30 

6 

1 

^o 

13 

* 

so 

30 

r 

70 

35 

:l   :   ; 

too 

60 

«50 

100 

3 

300 

300 

Tubinf;  of  j^-in.  tjoiv  is  not  nllowcfl  tn  tie  iistHl. 

7.  The  tubes  or  pipes  must  be  laid  with  proper  fall,  and  in  such 
a  manner  that  they  are  easily  accessible,  and  protected  from 
liability  to  damage.  Attention  is  to  be  given  to  leaving  a  space 
round  them  iit  such  places  as  wall  crossings,  itc,  where  fracture 
or  crushing  of  the  pipes  might  be  caused  by  the  subsidence  of  the 
building.  The  joinings  of  the  tubes  and  pipes  aie  to  be  made  in 
the  most  solid  and  substantial  manner,  and  carefully  rounded 
bends  (not  elbows)  are  to  be  used  wherever  the  direction  of  a  pipe 
is  changed. 

8.  Floor  boards  covering  pipes  must  be  secured  with  screws, 
so  that  they  may  be  easily  removed  to  afford  access  to  the  pipes, 
especially  at  the  points  of  connection. 

9.  On  the  completion  of  the  work  of  fitting,  and  before  the 
piping  is  covered  up,  notice  thereof  must  be  given  in  writing  to  the 
gas  manager  (the  requisite  form  for  that  purpose  being  obtained 
at  the  gas  oflice),  who  will  cause  an  Inspection  to  be  made  of  the 
work,  and  if  found  in  accordance  with  the  regulations  herein  con- 
tained it  will  be  passed  by  the  Company  (or  Local  Authority),  and 
the  gas  turned  on. 

10.  If  the  regulations  are  not  conformed  to  in  every  respect, 
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the  Company  (or  Local  Authority)  reserve  the  right  to  refuse  a 
supply  of  gas  until  the  necessary  alterations  are  made. 

1 1,  Gas-fitters  complyinjj  with  these  regulations  have  their 
names  registered  on  the  Company's  (or  Local  Authority's)  list  of 
approved  fitters,  and  they  are  at  liberty  to  desig^nate  themselves 
"Authorized  Gas-Kitters."  Repeated  negligence  will  cause  the 
licence  to  be  withdrawn. 


I 


A  handy  and  useful  apparatus  for  testing  the  soundness  ot 
gas-fittings,  has  been  devised  by  Harrison  &  Sheard.  It  con- 
sists of  a  small  force  pump  and  a  King's  pressure  gauge,  in  which 
mercury  is  employed  instead  of  water  ;  the  two  being  connected 
together  on  one  base  board,  and  provided  with  a  coupling  for 
ready  attachment  to  the  fittings  to  be  tested. 

To  use  the  apparatus,  air  is  forced,  by  means  of  the  pump, 
into  the  fittings  until  the  pressure  therein  Is  equivalent  to,  say, 
12  in.  of  water,  as  indicated  on  the  dial  of  the  gauge.  The 
pump  is  then  shut  off  by  means  of  a  stopcock,  and  it  is  noted 
■whether  the  pressure  is  maintained  or  falls  away.  If  the  pointer 
remains  stationary,  the  fittings  are  sound  ;  while  if  it  goes  back, 
there  is  leakage. 

To  facilitate  the  discovery  of  leakages,  gas  may  be  forced  into 
the  fittings  by  connecting  an  inlet  pipe  on  the  pump,  by  means 
of  india-rubber  tubing,  with  any  convenient  gas  supply;  when 
the  gas  escaping  through  the  defective  fittings  at  a  high  pressure 
enables  the  locality  of  the  leakages  to  be  readily  discovered. 

Ordinary  sitting-rooms  are  best  lighted  by  means  of  a  central 
chandelier.  When  the  room  is  of  large  dimensions,  wall  brackets 
may  be  added.  A  bracket  at  each  side  of  the  mantelpiece  has  a 
tasteful  appearance,  and  lights  are  handy  in  that  position. 

The  jets  of  chandeliers  and  brackets  should  be  not  less  than 
36  in.  from  the  ceiling. 

A  teaspoonful  of  salad  oil  added  on  the  top  of  the  water  in 
the  tube  of  a  water-slide  pendant  tends,  in  a  great  measure,  to 
prevent  or  retard  evaporation  of  the  water. 

Burners  arranged  in  the  horizontal  position  are  not  usually 
effective,  and  are  not  to  be  recommended  except  on  the  conditions 
noted  hereafter.     The  flames  of  such  have  an  unpleasant  pulsatory 
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or  tremulous  motion,  very  disagreeable  when  fixed  on  a  level  with 
or  but  slightly  aljovc  the  eye*  of  the  spectator,  due  to  the  upward 
current  of  air  striking"  the  under  side. 

The  arrangement  is  bad  for  another  reason — viz.,  the  flame 
is  prevented  from  receiving  its  due  supply  of  oxygen  on  all  sides, 
and  as  a  consequence,  the  combustion  is  imperfect ;  bad  illumina- 
tion and  u  deposit  of  unconsumed 
carbon  on  the  ceiling  being  the  result. 
It  is  not,  however,  to  be  assumed 
that  lights  placed  in  the  horizontal 
or  the  inclined  position  arc  never 
effective.  They  can  be  rendered  so 
by  causing  the  tails  of  the  flames  to 
impinge  one  upon  the  other,  and  by 
making  provision  in  the  construction 
of  the  pendant  for  the  air  current  to 
play  upon  the  upper  surface  of  the 
flame. 

The  question  of  the  efficient  venti- 
lation of  rooms  where  gas  is  being 
consumed  is  one  of  importance  both 
to  the  gas  producer  and  the  user. 
The  subject  has  been  a  compara- 
tively neglected  one,  although  it  de- 
serves to  occupy  greater  prominence. 
V'entilating  globe  and  other  lights 
of  various  designs  have  been  intro- 
duced by  Sugg,  Cowan,  Bray,  Strode, 
VVenham  (whose  lamp  is  also  re- 
generative), and  other  makers,  with 
highly  satisfactory  results.  Fig.  152 
shows  Cowan*s  ventilating  globe 
ventilating     sunlight     as    made    by 


light,    and    Fig.      1 53    the 
Strode. 

Gas  burners  arc  made  with  a  precision  unknown  in  the  earlier 
days  of  gas  lighting,  and  great  improvements  have  been  eflected 
in  their  construction. 

The  old  iron  burner,  which  at  one  time  was  generally  in  use, 
robbing   the   flame  of  a    proportion  of  its  heat,   has  been   sup- 
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planted  by  those  made  either  wholly  from  steatite,  lava,  enamel, 
or  other  refractory  non-conducting"  material,  or  tipped  with  these 
substances. 

These  are  not  only  more  elTicient  in  action,  but  they  are  less 
subject  to  blocking,  and  they  are  more  durable. 

The  burners  made  by  Geo.  Bray  &  Co.  are  so  well   known  as 
to  need  no  recommendation,  Ihetr  merits  bein^  universally  recog- 
jzed  ;  and  it  is  only  fair  that  the  important  services  which  these 
makers  have  rendered  to  the  ^as  industry  in  this  and  other  depart- 
ments should  be  freely  acknowledged. 

Shades,  moons,  or  globes,  as  they  are  variously  named,  have 
kept  pace  with  the  improvements  in  burners,  being  constructed 
t  only  of  better  and  purer  materials  than  formerly,  but  accord* 
ing  to  scientific  principles. 

At  one  time  they  were  invariably  made  with  the  bottom 
openings  about  2  in.  in  diameter; 
the  effect  being  to  direct  the  current 
of  air  upon  the  flame,  lowering  the 
temperature,  impairing  the  illuminat- 
"^S  effect,  and  causing  an  unpleasant 
flickering. 

These  have  given  place  to  globes 
^vith  openings  at  least  4  in.  in  dia- 
meter, whereby  the  foregoing  de- 
'^cts  are  entirely  obviated,  whilst 
^He    concave  sides   also   act  as   rc- 


I'lG.   153. 


"ectors  of  the  light  in  the  downward  direction,  especially  below 
45*  from  the  horizontal.  As  Professor  Lewes  points  out:*  *' In 
^rder  to  gain  any  true  idea  of  illuminating  effect,  it  is  necessary 
^o  take  the  light  emitted  over  all  the  working  angles,  and  not  on 
^''e  horizontal  plane." 

Globes   made  of  good   and   suitable   materials,   and  untinted, 
L^iffuse   the   light  without  seriously  obstructing  it,  even  when  the 
is   applied    on    the   horizontal     plane.     This    is    particularly 
•liceable  with  the  '^hoiophane"  globe  recently  introduced,  and 
'Ih  the  pure  white  opal  globes. 
For  estimating  (approximately)  the  number  of  ordinary  burners 
luired  to  light  churches,  public  halls,  and  other  large  buildings, 
'  Caniiir  Lcclurc,  Sf»cicly  of  Arts,  ilelivcred  Nov.  30,  1896. 


31fi 


NEWBIGOINO'S  HANDBOOK    FOR 


divide  the  floor  area  in  feel  by  60,  and  the  quotient  will  be  the 
number  of  flat-flame  burners,  consuming-  ib-candle  g-as,  required 
for  effective  litrhting. 

Thus:  A  room  is  So  ft.  long  and  56  ft.  wide. 

Then, — 80x56  =  4480  sq.  ft.  area,  and 

4480 
-     =74  burners  consuming  5  cub.  ft.  of  gas  per  hour  each. 

The  Wclsbach  system  of  incandescent  g;is-Iighting  marks  a 
notable  advance  in  artificial  illumination.  The  VVelsbach  lamp 
consists  of  a  Bunsen  burner,  over  which  is  suspended  a  mantle, 
composed  of  a  textile  filament  coated  with  certain  rare  refractory 
oxides.  On  lighting  the  burner,  the  textile  portion  is  consumed, 
leaving  the  refractory  portion  in  position,  and  this  at  once  becomes 
incandescent,  giving  out  a  strong,  steady  light.  The  fragility  of 
the  mantle  was  a  hindrance  to  its  early  adoption,  but  this  has 
proved  to  be  less  of  a  drawback  than  was  at  first  anticipated,  as 
is  shown  by  the  fact  of  the  wide  application  of  the  system.  The 
saving  of  gas  that  is  effected  by  its  use,  the  increase  in  iUumin- 
ating  efTectt  and  the  comparative  coolness  of  the  light,  with  other 
advantages,  have  earned  for  it  a  deserved  reputation. 

To  obtain  the  maximum  of  light  from  a  burner,  the  pressure, 
when  that  is  in  excess  fn  the  mains,  as  it  must  necessarily  be, 
should  be  controlled  and  regulated  in  the  passage  of  the  gas  to 
the  point  of  ignition. 

This  cannot  be  accomplished  satisfactorily  by  checking  either 
the  taps  on  the  fittings  or  the  stopcock  at  the  meter,  because 
there  is  a  continual  variation  of  pressure  according  to  the  con- 
sumption that  is  in  progress. 

The  house  governor  or  regulator  was  invented  to  achieve  that 
end.  It  may  be  fixed  on  the  pipe  leading  from  the  meter  outlet, 
or,  what  is  better,  on  the  principal  pipe  supplying  each  floor-level 
of  the  premises. 

The  regulator  is  automatic  in  its  action  ;  and  when  weighted 
to  afford  the  required  pressure  for  all  the  burners  in  use,  it  will 
continue  to  give  a  practically  uniform  supply,  however  much  the 
pressure  in  the  mains  may  vary,  or  whether  the  whole  or  only 
a  portion  of  the  burners  being  supplied  through  it  may  be  alig^ht 
at  one  lime.  Sugg's  regulator  burner,  Peebles*s  **  Needle " 
governor  burner,  and  the  "  Acme*' regulating  burner  of  Wright. 
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are  examples  of  regulation  applied  close  to  the  point  of  con- 
sumption. 

It  is  a  clearly  established  fact  that  the  lower  the  pressure 

(provided  there  is  just  sufficient)  at  which  gas  can  be  burned,  the 

better  the  light.     If,  instead  of  being  advantageously  consumed, 

the  gas  is  forced  through  the  burners  into  the  atmosphere,  the 

carbon  is  rapidly  oxidized  by  the  excess  of  air  drawn  into  the 

flatne  by  the  heavy  pressure,  with  the  usual  unsatisfactory  results 

as  regards  illumination. 

Dr.  Letheby  found  that  a  vulcanized  india-rubber  tube  of  about 
30  ft.  in  length  reduced  the  power  of  a  weak  gas  to  the  extent 
of  nearly  25  per  cent.,  by  absorbing  the  illuminating  hydro- 
carfcjons. 

^'Cif^ish  to  Prevent  the  Escape  of  Gas  throttgh  India-Rubher  Tubing, 

1  \  parts  treacle. 

2  ,,      gum  arabic. 
7       ,,      white  wine. 

3 J     ,,      strong  alcohol. 

First  dissolve  the  treacle  and  gum  in  the  white  wine,  and 
^*t^rwards  add  the  alcohol  very  slowly,  constantly  stirring  the 
'^i^scture  to  prevent  the  gum  from  being  thrown  down. 


LEAD  AND  COMPOSITION   PIPES  FOR  GAS. 

Weights  per  Yardy  and  Lengths  usually  Manufactured, 


Light. 

Heavv. 

-<v- 

Weight 

lengths  of 

Weight 

Lengths  of 

'-'"Hmeter 

Ya^d. 

Bundles 

Dianifter 

per 

Bundles 

J  aside. 

usually 

I  nsidc. 

Yard, 

usually 

lbs.  oz. 

Manufactured. 

lbs.  oz. 

Manufactured. 

i  in. 

0   ZI^ 

80  yards. 

^in. 

0  15 

67  yards. 

I    3 

60      ,. 

1    6i 

46     . 

\  " 

a    0 

32      .. 

.1 

3  10 

i6     .. 

a  •» 

2    4 

35      .. 

3    0 

20     ,. 

\  ,, 

3    3 

33      .. 

I  ." 

3  12 

19     .. 

X 

4    8 

36      .. 

6    0 

ao     ., 

H'- 

8    0 

16      ,. 

ii:;  ; 

10    0 

12     ,, 

A .. 

13     0 

10 

14    0 

9      .. 

a    ,. 

18    0 

5      - 

3  ,, 

31      0 

.     s    .. 

318 


NEWBIOGING'S   HANDBOOK   FOR 


BRASS  TUBE,   PLAIN    WEIGHT  PER  FOOT. 


Dwmctcr. 
In. 


t 


WdghL 
ll».  oz. 
'08  or  I  -28 

•IS       2-40 


Diamcler. 

In. 

i     ■ 


•19 

*2I 

'35 

*3> 

•37 

*43 


30A 
336 
400 
496 

b-BB 


We 

ght. 

lbs. 

ox. 

■50  or  8"oo 

59 

9*44 

•81 

12-96 

i*oo 

16 'OO 

1*13 

i7'9^ 

«*2S 

20'00 

'■50 

i+'OO 

1-B7 

39'9a 

The  size  of  brass  and  copper  tube  is  measured  by  the   outside 

diameter. 


BRASS  TUBE,  SPIRAL  AND  FLUTED- WEIGHT 
FER   FOOT. 


Spiral. 

Flmed, 

Spurn), 

W'cight. 

Fluli-d, 

Dianicttrr. 

Weigliu 

WoiKhu 

Diameter. 

Weight 

III. 

oz. 

oz. 

In. 

oz. 

oz. 

k    . 

:    Ij 

^i 

1  :    : 

6 
-          7i 

6 
7 

i  •  ■ 

:    i 

3I 

4 

1 

'4  :    : 

9 
la 

8 

X3 

fi    •    - 

5 

s 

ts 

H 

Used 


For  all  kinds  of 


SOLDERS. 

Fine  Solder  is  an  alloy  of  2  parts  of  block  tin  and  1  of  lead 
(melts  at  360'  Fahr.).  This  is  used  for  fine  work^such  as  solder- 
ing; Ihc  drums  of  meters,  for  pewter,  &c. 

Glazing  Soider. — Ecjual   parts  of  block  tin  and  lead, 
for  lead. 

Piumbing  Solder. —  i  part  block  tin»  2  lead. 
plumbers' joints  and  for  tin  and  zinc. 

Solder  for  Copper. — Hard:  j  parts  brass,  i  zinc.  Soft:  8 
brass,    [   zinc. 

Brazing  Solder  or  Speiter. —  Hard  I  i  pari  copper,  1  zinc. 
Soft:  4  parts  copper,  3  xinc,  1  block  tin.  For  fine  brass  work  : 
I  part  silver,  8  copper,  8  zinc. 

Solder  for  Steel.— ~\i:j  parts  silver,  3  copper,  i  /inc. 

Pewterers*  Soft  Solder. — 3  parts  bismuth,  4  lead.  3  tin. 
Common :    1   part  bismuth^    i   lead,   2  tin. 


(iAS    KNiilNKi:l;s    AM"    M  AN A<  ;i:i!S.  :ilft 

FLUXES   FOR  SOLDERING. 

Iron  and  steel       .         .         .  Borax  or  sal  ammoniac. 

Tinned-iron  .         .         .  Resin  or  chloride  of  zinc. 

Copper  and  brass         .  Sal  ammoniac  or  chloride  of  zinc. 

L.ea.d  and  composition  pipes  Resin  and  sweet  oil. 

Zinc     .....  Chloride  of  zinc. 

FOR  TINNING  BRASS  OR  IRON. 

^  oz.  muriatic  acid. 
\  oz.  mercury, 
^  oz.  ground  block  tin. 
Mix  togcether,  and  dilute  the  whole  with  a  small  quantity  of 
cold  water.     Apply  with  the  finger  or  a  cork. 

BRAZING. 

The  edges  of  the  articles,  either  iron  or  brass,  to  be  brazed  are 
sof^ped  thoroughly  clean,  covered  with  the  brazing  solder  or  spelter 
■rii  the  form  of  borings  or  turnings  sprinkled  over  with  powdered 
t>oi-ax,  and  exposed  to  the  heat  of  a  clear  fire  till  the  solder  flows. 
A  smokeless  coke  or  gas  fire  is  best  for  the  purpose.  In  brazing 
'*"ori,  a  covering  of  loam  is  sometimes  placed  over  the  solder,  to 
^^olude  the  air,  till  it  melts. 

BRONZE. 

1  quart  common  vinegar. 

2  oz.  sal  ammoniac. 

I  oz.  blue  stone  (sulphate  of  copper). 
The  sal  ammoniac  and  blue  stone  are  well  pounded,  and  then 
allowed  to  dissolve  in  the  vinegar.     The  solution,  when  ready,  is 
■^icj  on  with  a  common  brush,  black-leaded  whilst  damp,  and  then 
tH>lished.     Lacquer  is  then  applied  as  described  hereafter. 

Green  Bronze, 
To  imitate  the  antique. 
I  quart  common  vinegar. 
3  oz.  verdigris. 
1  oz.  sal  ammoniac. 
Boil  for  a  quarter  of  an  hour,  filter  through  paper,  and  dilute 
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with  water.     Immerse  the  article  to  be  bronzed  until  it  acquir 
the  green  tinge  desired  ;  then  wash  carefully,  and  dry  in  sawdut 

Bn>nse  Powticrs, 

These  can  bt*  purchased  from  any  dealer  in  artists*  materi.i—    -'^^ 
They  arc  prepared  as  follows  :  — 

Copper  Brotisc  PowJvr, 

Strips  of  copper  arc  dissolved  in  nitric  acid  in  a  glass  vcss^ --^*** 
and  then  strips  oC  iron  are  added,  when  the  dissolved  copper         ~  ** 
precipitated  in  the  form  of  a  very  fine   powder.     This   powder 
washed  with  water  and  dried,  and  is  then  ready  for  use. 


I 


Gold  Bronsc  PovHhr^   or  Aurttm  Mosaicum^ 

Is  the  basis  of  many  bronze  powders.     Any  desired  colour  can  1^ 
produced  by  mixing  it  with   the  common  dry  pigments.     Thus         ^  ^ 
red  bronze  powder  is  obtained  by  grinding  red  lead  with  it  ;  ai*'^*  -* 
a  green  by  the  use  of  verdigris,      it  is  prepared  in  the  following""*   "^ 
manner : — 

One  pound  of  tin    is   melted  in   a  crucible,  and  then  poure^^" 
cautiously  into  an   iron  dish  containing   half  a    pound  c:^        ^ 
mercury.     When  cold  it  is  reduced  to  powder,  mixed  witl  '^  *^ 
seven  ounces  of  flowers' of  sulphur,  and  eight  ounces  of  s^^--^^? 
ammoniac,   and   triturated   in   a   mortar.     The    mixture   i«  *" 

then  calcined  in  a  flask,  which  expels  the  sulphur,  mercur^"-^."*^ 
and  ammoniat  and  leaves  a  residuum  in  the  form  and  colou 
of  a  bright  flaky  gold  powder. 


ui 


A 


Sisc  for  Bronze  Powders* 

The  size  is  made  by  boiling  four  ounces  of  gum  animi  to  ever^ 
poimd  of  pure  linseed  oil   in   a   flask,  until  the  mixture  is  of  th^ 
consistency  of  cream  ;  after  which  it  is  diluted  with  turpentine 
rei|uired. 

The  article  to  be  bronzed  is  coated,  by  means  of  a  soft  brush    ^  *  .' 
with  this  size  ;  and  when  nearly  dry,  a   piece  of  soft    leather  i^  *     '^ 
wrapped   round  the  finger,   dipped  into  the  powder,  and  nibbec^ 
gently  over  it ;  or  ii  may  be  laid   on  with  a  camers-hair  pencil  • 
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and  then  left  to  dry  thorout,^hly  ;   uf'ter  wliicli  all   llio   loose  powder 

is  brushed  oflf. 

The  bronze  may  also  be  mixed  with  a  strong  solution  of 
isinglass,  and  applied  in  the  moist  state,  like  varnish,  with  a 
brush.  This  latter  mode,  however,  is  not  suitable  for  articles 
exposed  to  the  weather. 

Por  Silvering  Metals. 

Nitrate  of  silver,  lo  parts. 
Common  salt,       lo     ,, 
Cream  of  tartar,  30     ,, 
Moisten  with  water  when  ready  to  apply,  and  lay  the  mixture 
on  ivith  a  soft  brush. 


LACQUER  AND  VARNISH. 

The  solution  of  spirits  of  wine  and  shellac,  known  as  **  simple 
pale "  lacquer,  is  the  basis  of  most  other  lacquers.  The  two 
ingredients  in  their  proper  proportions,  as  stated  overleaf,  are 
put  into  a  jar  or  bottle,  and  allowed  to  remain  for  forty-eight 
*^ours,  being  briskly  shaken  three  or  four  times  during  the  interval. 
■^t  the  expiration  of  the  time  named,  most  of  the  shellac  will  be 
*5issolved.  The  mixture  is  then  carefully  strained  through  filtering 
paper,  to  free  it  from  grit  and  other  foreign  substances,  and  to 
'"ettiove  any  particles  of  undissolved  shellac  that  may  remain. 

Different  tints  or  shades,  producing  red,  green,  yellow,  &c., 
^re  obtained  by  mixing  with  the  pale  lacquer  various  colouring 
^'^gredients,  such  as  dragon's  blood,  arnotto,  gamboge,  turmeric, 
Saffron,  &c.  The  proper  way  of  adding  these  is  to  stir  them  in 
^  cup  with  a  small  quantity  of  the  pale  lacquer,  afterwards  strain- 
J'^g  the  whole  through  a  piece  of  thin  cloth  or  gauze,  and  filtering 
*^  necessary. 

The  article  to  be  lacquered  is  heated  slightly  by  means  of  a 
steam  kettle  or  stove  ;  or  it  may  be  held  over  a  hot  iron  plate  till 
JUst  as  hot  as  to  allow  of  its  being  touched  by  the  finger  without 
burning.  The  heat  must  not  be  greater  than  this.  The  lacquer 
^s  then  applied  with  a  soft  camel's-hair  brush. 
21 
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Simple  Pale  Lacquer, 

1  pint  of  spirits  of  wine. 
4  oz.  of  shellac. 

Fine  Pale  Lacquer, 

I  pint  of  spirits  of  wine. 
I  oz.  of  pure  white  shellac. 

1  dr.  of  gamboge. 

2  drs.  of  Cape  aloes. 

Fine  Pale  Lacquer^  for  Silvered  Of   Tinned  Work, 

I  pint  of  spirits  of  wine. 
I  oz.  of  pure  white  shellac. 

Gold  Lacquer, 

1  pint  of  spirits  of  wine. 

3  oz.  of  shellac. 

^  oz.  of  turmeric. 

2  drs.  of  arnotto. 

2  drs.  of  saffron. 

Deep  Gold  Lacquer. 

I  pint  of  spirits  of  wine. 

3  oz.  of  shellac. 
^  oz.  of  turmeric. 

4  drs,  of  dragon's  blood. 

Red  Lacquer, 

I  pint  of  spirits  of  wine. 
4  oz.  of  shellac. 
4  drs.  of  dragon's  blood. 
I  dr.  of  gamboge. 

Yellow  Lacquer, 

1  pint  of  spirits  of  wine. 

2  oz.  of  shellac. 

2  drs.  of  gamboge. 
4  drs.  of  Cape  aloes. 
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Green  Lacquer  for  Bronse, 

I  pint  of  spirits  of  wine. 
4  oz.  of  shellac. 
4  drs.  of  turmeric, 
i  dr.  of  gamboge. 

Iron  Lacquer. 

1  quart  of  turpentine, 
j  lb.  of  pitch. 

2  oz.  of  shellac. 

To  Clean  Old  Brass  Work  for  Lacquering, 

Boil  a  strong  lye  of  wood  ashes,  and  strengthen  with  soap 
lees  ;  put  in  the  brass  work,  and  the  old  lacquer  will  come  off. 
Next  dip  it  in  a  solution  of  nitric  acid  and  water  strong  enough 
to  remove  the  dirt ;  wash  it  immediately  in  clean  water  ;  dry  well, 
and  lacquer. 

Varnish  for  Iron   Work. 

Boil  a  quantity  of  gas  tar  for  four  or  five  hours,  till  it  runs  as 
thin  as  water ;  add  one  quart  of  turpentine  to  a  gallon  of  the  tar, 
and  boil  another  half-hour.     Apply  the  varnish  whilst  hot. 

Golden  Varnish, 

Pulverize  i  drachm  of  saffron  and  J  a  drachm  of  dragon's 
blood,  and  put  them  into  i  pint  of  spirits  of  wine.  Add  2  ounces 
of  gum  shellac  and  2  drachms  of  Soccotrine  aloes.  Dissolve  the 
whole  by  gentle  heat.  Yellow  painted  work,  varnished  with  this 
mixture,  will  appear  almost  equal  to  gold. 

Glue  Cement  to  Resist  Moisture, 

I  part  glue. 
I  part  black  resin. 
\  part  red  ochre. 
Mix  with  the  least  possible  quantity  of  water. 
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COAL  GAS  TESTING  APPLIANCES  AND 
METHODS. 

A  gas  may  have  a  hi^li  illiiniinatinj:^  power,  and  yet  contain 
impurities  that  ovij^ht  to  be  removed.  I'urity  is  not  always  in  *^^ 
ratio  of  illuminalinij  power. 

TESTS  FOR  IMPURITIES. 

The  tests  for  ihc  detection  of  impurities  in  coal  gas,  afte**  '^ 
has  undergone  the  different  processes  of  purification,  are  *  '■•* 
following:  — 

Test  for  Ammonia. — Rxpose  yellow  turmeric  paper  sligl»  *^> 
moistened  with  water,  or  litmus  paper  first  reddened  by  any  w^^*-*^ 
acid,  lo  a  jet  of  utili^hted  gas  for  about  a  minute.  If  the  ycll<^^* 
colour  of  the  turmeric  be  turned  to  brown,  or  if  the  blue  of  t  ^** 
litmus  be  restored,  ammonia  is  present. 

Turmeric  and  litmus  papers  may  be  purchased  at  the  chemisC^ 
or  they  can  be  prepared  as  follows:  — 

Turmeric  Paper, — Six  parts  by  weight  of  spirits  of  wi  ^^^ 
are  added  to  one  of  turmeric  powder  in  a  stoppered  bott  ^  ^' 
and  well  shaken  up  occasionally  for  three  days.  A  portion  ^^ 
the  clear  fluid  is  then  poured  on  a  plate,  and  pieces  of  unsiz^^*^ 
white  filtering  paper  well  soaked  therein.  These  are  th^t^'* 
dried  in  air,  cut  into  strips  J  in.  wide  and  2  in.  long,  and  ke  #^* 
for  use  in  a  bottle  away  from  the  light.  M 

Litmus  Paper. —Six  parts  by  weight  of  water  to  one  ^^™ 
powdered  litmus,  shaken  well  together,  allowed  to  stand  f^^^^ 
several  days,  and  then  filtered.  Pieces  of  white  filtcrir*-  ^ 
paper  are  then  thoroughly  soaked  in  the  solution,  dried,  ar^  *^ 
cut  into  strips,  which  should  be  kept  in  a  close  stopper^^*^ 
bottle,  excluded  as  much  as  possible  from  the  air  and  ligh  "*• 
Should  it  be  desired  to  redden  the  solution,  add  (after  fiUr^*' 
tion)  a  small  quantity  of  very  dilute  sulphuric  acid,  graduall^^"' 
drop  by  drop,  until  the  pink  or  neutral  tinge  is  obtained. 

Test  for  Carbonic  Acid, — Make  a  solution  of  pure  baryte^^* 
and  pass  the  gas  through  it.     If  carbonic  acid  be  present,  ca  ^"^ 
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donate  of  barytes  will  be  precipitated  ;  or  pass  the  gas  through 
clear  lime  water,  and  carbonate  of  lime  will  be  precipitated. 

It  may  also  be  detected  by  adding  to  water  impregnated  with 
the  gas  a  few  drops  uf  sulphuric  acid,  when  minute  bubbles  of 
carbonic  acid  gas  will  be  rapidly  disengaged. 

Lime  Water  is  prepared  by  agitating  slaked  lime  with  dis- 
tilled water  in  a  bottle  or  other  vessel.     It  is  then  allowed  to 
stand  until  the  excess  of  lime  has  been  deposited,  \\  hen  the 
clear  liquid  is  poured  off,  and  filtered  through  filtering  paper. 
Test    for    Sufplturetted   Hydrogen.  —  Moisten    a    piece    of 
^vri ting-paper  with  a  solution  of  acetate  of  lead  in  distilled  water, 
and  expose  it  for  not  less  than  a  minute  to  a  jet  of 
unlijrhted  gas.     If  sulphurelled  hydrogen  be  pre- 
*»ent,  the  papter  will  be  browned  or  blackened. 

A   solution    of    nitrate    of   silver    is    a    more 
<ielicate  test  than  the  above.     This  requires  to  be 
kept  in  a  bottle  coated  outside  with  tinfoil,  and 
placed  in  a  drawer   or  other  dark  place   to   pro- 
tect it  from  the  influence  of  the  light- 
Lead  paper  may  be  made  of  white  filtering 
paper  soaked  in  the  acetate  of  lead  solution, 
then  dried,  cut  into  slips,  and  kept  in  a  well- 
corked  bottle  for  use.     But  the  solution  ap- 
plied to  the  paper  at  the  time  of  making  the 
test  is  preferable. 
The  Gas-Works  Clauses  Act,  1H71,   Schedule 
^»  contains  the  following  regulations  in  respect  of  llu:  apparatus 
^»^d  mode  of  testing  for  this  impurity  : — 

Apparatus. — '*A  glass  vessel  (Fig.  154)  containing  a  strip  of 
'^'bulous  paper  moistened  with  a  solution  of  acetate  of  lead,  con- 
taining 60  grs.  of  crystallized  acetate  of  lead  dissolved  in  one  tluid 
^utice  of  water. 

Mode  of  Testing.  —  "The  gas  shall  be  passed  through  the 
^'ass  vessel  containing  the  strip  of  bibulous  paper  moistened  with 
''^e  solution  of  the  acetate  of  lead  for  a  period  of  three  minutes,  or 
^^ch  longer  period  as  may  be  prescribed  ;  and  if  any  discoloration 
^^  the  test  paper  is  found  to  have  taken  place,  this  is  to  be  held 
Conclusive  as  to  the  presence  of  sulphuretted  hydrogen  in  the 
gas." 


Fk;.  154. 
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Test  for  Suiphur, — The  sulphur  present  in  gas,  due  to  com- 
pounds other  than  sulphuretted  hydrogen,  notably  bisulphide  of 
carbon,  is  estimated  by  burning  a  jet  of  the  gas  at  the  rale  of 
1  cub.  ft.,  or  i  cub.  ft.,  per  hour,  for  twenty-four  hours,  from  a 
Leslie  or  other  burner  arranged  within  the  wide  end  of  a  trumpet 
tube  whose  upper  and  smaller  end  is  inserted  in  a  condenser,  from 
the  opposite  end  of  which  a  tube  carries  off  the  uncondcnsed 
vapour,  and  creates  a  current  through  the  apparatus,  (See 
Fig.  155.)  Through  the  lower  and  wide  end,  where  the  burner  is 
fixed,  a  supply  of  air,  to  support  combustion^  enters,  carrying"  with 
it  the  vapour  of  ammonia  from  liquid  ammonia  or  pieces  of  the 
carbonate  contained  in  a  suitable  receptacle  surrounding  the 
burner.  The  ammonia  combining  with  the 
sulphurous  acid  from  the  gas-flame  is  de- 
posited within  the  condenser  as  sulphite  and 
sulphate  of  ammuniu,  from  which  the  quantity 
of  sulphur  per  100  cub.  ft.  of  gas  is  calcu- 
lated. 

Mr.  J.  T.  Sheard's  method  of  estimating 
carbonic  acid  in  coal  gas  consists  in  passing 
a  definite  volume  of  gas  through  a  solution 
of  barium  hydrate  of  known  strength,  which 
absorbs  the  carbonic  acid  out  of  the  gas  ; 
the  amount  of  free  hydrate  remaining  after 
the  operation  being  determined  by  titration 
with  deci-normal  hydrochloric  acid.  Either 
the  volume  or  the  weight  of  impurity  that 
has  been  absorbed  can  thence  be  calculated. 
The  gas  absorption  tube  is  of  the  form  shown  in  Fig.  156;  the 
straight  part  above  the  bulbs  being  filled  with  glass  beads. 

To  make  a  test,  two  absorption  tubes  are  charged  with  20  or 
30  c.c.  each,  of  a  barium  hydrate  solution,  the  strength  of  which 
has  been  accurately  determined  by  titration  with  deci-normal  acid, 
and  which  should  be  approximately  of  equal  strength  with  the  ■ 
acid.  The  apparatus  being  connected  up  as  shown  (Fig.  156A), 
500  c.c.  of  gas  are  drawn  by  means  o\'  the  aspirator  slowly 
through  the  liquid,  and  followed  immediately,  without  stopping 
the  current,  by  an  equal  quantity  of  air,  which  is  done  by  slipping 
off  the  india-rubber  tube  at  the  inlet  of  the  apparatus,  as  the  water 


I 
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runnings  from  the  aspirator  passes  the  mark  of  a  500  c.c.  flask,  and 
then  runninjf  out  a  further  quantity  of  500  c.c.  into  another  flask 
held  in  readiness.  The  bulbs  are  then  washed  down  with  water 
free  from  carbonic  acid,  a  few  drops  of  the  phenol-phthalein  (suffj- 
cient  to  impart  a  distinct  purple  red  colour  to  the  liquid)  added, 
and  the  whole  titrated  with  deci-normat  hydrochloric  acid — the 
acid  being  added  a  few  drops  at  a  time,  with  frequent  agitation  of 
the  liquid  until  the  colour  is  destroyed.  The  amount  of  barium 
hydrate  that  has  been  neutralized  is  equivalent  to  the  amount  of 
carbonic  acid  absorbed  from  500  c.c.  of  gas ;  from  which  the 
percentage  of  the  impurity  present,  or  its  weight  per  cubic  foot 
of  gas,  can  be  determined. 


Flu.  156. 

Example. — Two  gas  absorption  tubes  charged,  respectively, 
with  30  c.c.  and  20  c.c.  of  barium  hydrate  solution.  One  cubic 
centimetre  of  the  barium  hydrate  having  previously  been  found  by 

N 

experiment  as  equivalent  to  I'og  of  -   acid. 

10 

First  Tube,  Second  Tube. 

Equivalent  of  barium  hydrate  employed     .     .    327  c.c.     21 '8  c.c. 

N     . 
acid  required  to  neutralize  resultant  liquid  .    21 '6  c.c.     21 '4  c.c. 


ii'i  c.c       o'4C,c. 


^ 


Then — 

ir5c.c.xo;oo22  grm.  x  ,00 ^  ^  ^^^  ,     ^^,^^^  ^^  (,q^ 

11*5  c.c.  KO'cx>22  grm.  x  15 '432  grs.  x  28,315  cc 
500  c.c, 
grains  of  CO.^  per  cubic  foot  of  gas.' 

These  calculations  may  be  shortened  by  employing  the  factor 
o'24i  for  percentage  by  volume,  and  r92  for  grains  per  cubic  foo^ 
Thus — 

1 1*5  X  o'24i  =  2*77  per  cent,  by  volume  of  CO., 

1 1 '5  X  ]  '92    =  22'i  grs.  of  CO.,  per  cubic  foot  of  gas 

A  complete  test  can  be  made  in  fifteen  minutes,  and  perfec^^ 'tly 
accurnte  results  obtained. 

The    apparatus   is   equally   applicable    to    the    estimation  **' 

ammonia  and  sulphuretted  hydrogen  in  the  gas,  the  former  be»    *"*S 
absorbed  by  sulphuric  acid  ofdeci-normal  strength,  and  the  lat 
by  a    10  per  cent,   solution  of  sulphate  of  copper.     When  s 
phuretted  hydrogen  is  passed  into  an  aqueous  solution  of  cuj^ 
sulphate,  a  prccipitatt*  of  cupric  sulphide  is  deposited^  and  (m 
sulphuric   acid    is    formed    in    the   solution,    previously   neulr 
After  filtering  out  the  precipitate,  the  acidity  of  the  solution  c 
be   determined    by   titration    with    deci-normal    ammonia,    usi 

melhyl    orange    as    indicator.       Each    cubic    centimetre    of 

ammonia  required  to  neutralize  the  solution  represents  1*48 

of  sulphuretted  hydroj^en  per  cubic  foot  of  gas.     Likewise  ea 

N 

acid  neutralized  by  the   ammonia   m   t 


cubic  centimetre  of 


-me 


10 


gas  represents  1-48  grs.  of  ammonia  per  cubic  fool  of  gas. 

The  manipulation  of  the  apparatus  is  the  same  as  abc 
described  for  carbonic  acid,  :ind  all  three  impurities  may  be  dete 
mined  in  the  same  sample  of  gas.  For  this  purpose  one  absor 
tion  tube  is  charged  with  acid  for  absorbing  ammonia,  follow 
by  one  containing  cupric  sulphate  for  sulphuretted  hydrogen,  ar 

*  II  may  tie  cxplainerl  ihnt^ 

0*0023  grm.  is  the  weight  ofCOg  to  which  1  cc.  of  —  Acid  is  C4uivalenl. 

0*914  grm.  is  the  weigh!  of  500  c.c.  of  CO5  saluraleil  with  raoisturc. 
1 5 '432  grs.  is  the  vftluc  of  1  gnn. 
38,315  C.C.  is  the  value  of  i  cub.  fi. 


.'€ 


0A8    ENGINEERS    ANT)    MANAOEHS. 


is  by  the  tubes  containing  barium  hydrate  for  carbonic  acid. 
CO.  of  gas  are  drawn  through  the  whole  series,  followed  by 
fCMx>  CO.  of  air  to  clear  the  apparatus.  The  subsequent  treatment 
vill  be  understood  from  what  has  gone  before. 
K  Harcourt*s  Colour  Test, — This  is  one  of  the  most  useful 
P>paratus  in  the  gas  manager's  laboratory  for  determining  with 
pise  and  celerity  the  amount  of  bisulphide  of  carbon,  sulphuretted 
lydrogcn,    and    carbonic   acid    in    coal   gas.     The  following  is  a 

tcription  of  the  test,  and  directions  for  its  use:  — 


¥ir..  157, 


Testing  for  Bisulphide  of  Carbon. —The  arrangement  of  the 
lour  lest  is  shown  in  Fig.  157  ;  the  fire-cliiy  cylinder  being 
epresented  by  dotted  lines.  Tlie  bulb,  which  is  filled  with  pfatin- 
(cd  pumice,  is  to  be  so  adjusted  that  it  may  be  about  an  inch 
bove  the  burner,  and  in  the  middle  of  the  cylinder. 

To  use  the  apparatus,  turn  on  first  the  upper  stopcock,  send- 
Sg"  gas  through  the  bulb  at  the  rate  of  about  half  a  cubic  foot  an 
our,  as  may  be  judged  by  lighting  the  gas  for  a  moment  at  the 
nd  of  the  horizontal  arm,  when  a  flame  about  an  inch  in  length 
hould  be  produced.      Raise  the  cylinder,  which  will  be  supported 
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by  the  pressure  of  the  wires^  light  the  burner,  and  turn  down  the 
rtanie  till  it  forms  a  blue  non-luminous  ring.     Lower  the  cylinder, 
and  place  the  small  clay  pieces  upon  it  round  the  neck  of  the  bull^ 

A  testing  may  be  made  five  minutes  after  the  burner  is  lighle<^ 
except  when  the  apparatus  ts  first  used,  when  the  gas  should  t::* 
allowed  to  flow  through  the  bulb  for  a  quarter  of  an  hour,  or 
little  longer,  and  any  number  of  testings,  one  after  another,  ^3 
long  as  the  heat  is  continued. 

The  mode  of  testing  is  as  follows:  Lay  a  piece  of  white  pap^* 
on  the  table  by  the  side  of  Ihe  burner,  and  fix  a  piece  of  cardboac= 
upright  in  the  brass  clip  ;  the  cardboard  ser\'es  as  a  backgroui^ 
against  which  to  observe  the  colour  of  the  contents  of  the  glasse 
and  should  receive  a  side  light,  and  be  as  clear  as  possible  fro^ 
shadows.  Fill  one  glass  (once  for  all)  up  to  the  mark  wit:^ 
standard  coloured  liquid,  and  cork  it  tightly.  Dilute  some  of  t 
lead  syrup  with  twenty  times  its  volume  of  distilled  water,  and  fi 
the  other  glass  up  to  the  mark  with  a  portion  of  the  liquid  thi 
prepared.  Insert  the  caoutchouc  plug  with  capillary  tube  a 
elbow  tube,  and  connect,  as  shown  in  the  figure,  with  the  bu 
and  aspirator,   placing  the  two  glasses  side  by  side. 

The  aspirator  should  be  full  of  water  at  starting,  and  t 
measuring  cylinder  empty.  Turn  the  tap  of  the  aspirator  grad 
ally;  a  stream  of  bubbles  will  rise  through  the  solution  of  lea 
Turn  off  the  tap  for  a  minute,  and  observe  the  liquid  at  t 
bottom  of  the  capillary  tube.  If  it  gradually  rises,  the  indi^ 
rubber  connections  are  not  air-tight,  and  must  be  made  so  befo 
proceeding.  Avoid  pressing  the  plugs  into  the  glass  or  ih 
aspirator  while  they  are  connected,  which  would  drive  up  the  lea 
solution  into  the  inlet  tube.  When  the  connections  are  air-tighl 
let  the  water  run  into  the  measuring  cylinder  in  a  slender  strea 
until  the  lead  solution  has  become  as  dark  as  the  standard.  / 
the  ascending  bubbles  interfere  somewhat  with  the  observation  < 
the  lint,  it  is  best  to  turn  off  the  tap  when  the  roloxir  seems  almo 
deep  enough  ;  compare  the  two  ;  turn  on  the  tap,  if  necessary,  fi 
a  few  moments,  then  compare  again  ;  and  so  on,  till  the  colour 
the  two  liquids  is  the  same. 

The  volume  of  water  which  the  measuring  cylinder  now  co 
tains  is  equal  to  the  volume  of  gas  which  has  passed  through  t 
lead  solution. 
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This  volume  of  gas  contained  a  quantity  of  sulphur  as  carbon 
bisulphide  which,  as  lead  sulphide,  has  coloured  the  liquid  in  the 
test  glass  up  to  the  standard  tint.  The  standard  has  been  made 
such  that»  to  impart  this  tint  to  the  volume  of  liquid,  0*0187  S^' 
of  lead  sulphide  must  be  present,  containing  0*0025  gr.  of  sul- 
phur. Hence,  supposing  the  measuring  cylinder,  each  division  of 
which  corresponds  to  ^j^^^^  cub.  ft.,  to  have  been  filled  to  the  30th 
division,  ^^^  cub.  ft.  of  gas  contained  0*0025  gr.  of  sulphur. 
From  this  ratio  the  number  of  grains  of  sulphur  existing  as 
bisulphide  in  100  cub.  ft.  of  the  sample  of  gas  tested  can  easily  be 
calculated. 

The  following  table  gives  the  relation  between  (V)  the  divisions 
of  the  measuring  cylinder  filled  with  water  and  (S)  the  grains  of 
sulphur  existing  as  bisulphide  in  100  cub.  ft.  of  gas.     Since  gas 
contains,    besides   carbon   bisulphide,    some   other   sulphur  com- 
pounds which  are  not  transformed  into  sulphuretted  hydrogen  by 
the  action  of  heat,  and  which  contain  sulphur  amounting  ordi- 
narily to  7  or  8  grs.  in  100  cub.  ft.,  this  quantity  must  be  added 
to  that  found  by  the  test,  if  it  is  wished  to  know  approximately 
the  total  amount  of  sulphur. 


TABLE   I. 

s=-^ 

V 

S 

V 

S               V 

S 

V 

S 

10    . 

.     50*0 

33    ■ 

is'i         56 

.     8-9 

79     ■ 

6-3 

II 

.     45  "4 

34    ■ 

147            57 

.     88 

80     . 

6-2 

12 

.     417 

35     ■ 

W3            58 

.     8-6 

8t     . 

6-2 

13      ■ 

.     38-5 

36    . 

13*9            59 

8-5 

82     . 

6-1 

»4     . 

.     35*7 

37     . 

13-5            60 

.     8-3 

83     . 

6-a 

15     . 

•     33*3 

38     . 

13-2            61 

.     8-2 

84     . 

6-0 

16     . 

.     3»'3 

39    ■ 

12-8            62 

.     81 

85     - 

S'9 

17     . 

.     29*4 

40    . 

12*5            63 

■     7*9 

86     . 

5-8 

18     . 

.     27-8 

41     . 

ia'2            64 

.     7-8 

87     . 

57 

19     . 

.     a6-3 

42    . 

11 '9            65 

■     77 

88     . 

.     57 

30     . 

.     35-0 

43     ■ 

II -6            66 

.     7"6 

89    . 

5-6 

ai 

.     23-8 

44     . 

II-4            67 

•     7 '5 

90    . 

5-6 

33    . 

.       237 

45     . 

ii-i            68 

•     7*4 

91     . 

5-5 

23    . 

.       31*7 

46    . 

io'9            69 

.     7-a 

92     . 

•     5*4 

34    . 

.     30-6 

47     . 

10 '6            70 

.     7'i 

93    • 

5*4 

"§    • 

.       30'0 

48     . 

ro'4            71 

.     7-0 

94    . 

5*3 

26    . 

.       19-2 

49     ■ 

io*2            73 

.     6-9 

95    • 

5 '3 

27    . 

.     iS'S 

50    ■ 

10 -o            73 

.     6-9 

96    . 

5'2 

38    . 

.   17-9 

5>     . 

98            74 

.     6-8 

97    . 

5'2 

29    . 

.  172 

5*    . 

9*6            75 

.     67 

98    . 

51 

30    . 

.  167 

53     • 

9"4            76 

.     6-6 

99    ■ 

SI 

31     • 

.     x6i 

54    . 

92            77 

■     6'S 

100    . 

5-0 

3a    . 

.     15-6 

55    • 

91            78 

.     .     6-4 

150    . 

3*3 
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For  the  next  testing,  the  test  glass  is  to  be  disconnected  and 
recharged.  The  water  in  the  measuring  cylinders  is  poured  back 
into  the  aspirator. 

The  colour  of  the  standard  is  unaffected  by  exposure  to  light, 
but  deepens  if  the  liquid  is  warmed,  returning  to  its  original 
shade  as  the  liquid  cools.  If,  therefore,  the  glass  containing  the 
standard  has  been  in  a  warm  place,  it  must  be  let  cool  before 
testing. 

The  liquid  which  has  been  used  becomes  colourless  after  l>eing 
exposed  to  the  light  for  a  few  hours,  and  may  thus  be  used  over 
and  over  again  for  twenty  times  or  more,  if  it  is  not  allowed  to 
absorb  carbonic  acid  from  the  air.  The  best  mode  of  working  is 
to  have  two  well-corked  flasks,  into  one  of  which  the  coloured 
liquid  is  emptied  while  ihe  glass  is  recharged  from  the  other. 

Testing  for  Sulphuretted  hydrogen  and  Carbonic  Acid.— 
The  apparatus  may  also  be  used  without  the  bulb  tube  and  stand 
to  test  the  amount  of  sulphuretted  hydrogen  or  carbonic  acid  in 
gas  at  any  stage  in  its  purification. 

The  gas  is  led  in  this  case  directly  into  the  test  glass,  which  is 
charged  with  lead  solution  for  sulphuretted  hydrogen,  and  with  a 
saturated  solution  of  barium  hydrate  (baryta  water)  for  carbonic 
acid. 

When  the  gas  contains  more  than  50  grs.  of  sulphur  as  sul- 
phuretted hydrogen  in  100  cub.  ft.,  a  smaller  cylinder,  containing 
JOG  cub.  ft.,  is  used  to  measure  the  volume  of  liquid  run  from 
the  aspirator.  The  divisions  on  the  smaller  cylinder  are  tenths 
of  the  corresponding  divisions  on  the  larger  cylinder  ;  therefore 
when  it  is  used  the  numbers  under  S  in  Table  1.  must  be  read  as 
whole  numbers  by  omitting  the  decimal  points. 

To  estimate  carbonic  acid  a  standard  liquid  containing  a  definite 
amount  of  suspended  barium  carbonate  is  used  for  comparison. 
The  glasses  are  placed  side  by  side  on  a  blackened  board  or  piece 
of  paper  and  with  a  black  background  behind  them.  The  passage 
of  the  gas  should  be  interrupted,  and  the  test  glass  slightly  shaken 
once  or  twice  to  wash  down  any  particles  of  carbonate  which  may 
cling  to  the  sides  of  the  glass  above  the  surface  of  the  liquid. 
The  standard  should  also  be  shaken  before  the  comparison  is 
made,  in  order  that  tht:  precipitates  may  be  in  a  similar  condition. 
When  the  two  liquids  are  judged  to  be  equally  white  and  opaque, 
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the  volume  of  water  in  the  measuring  cylinder  gives  the  volume 
of  gSLS  which  has  precipitated  a  known  weight  of  barium  carbonate. 
Table  II,  gives  the  relation  between  (V)  the  divisions  of  the  large 
measuring  cylinder  filled  with  water,  and  (C)  the  volume  of  car- 
bonic acid  in  loo  volumes  of  gas.  When  the  gas  contains  more 
^han  "72  per  cent,  of  carbonic  acid,  the  smaller  measuring  cylinder 
sshould  be  used,  and  the  values  of  (C]  multiplied  by  moving  the 
cjecimal  point  one  placr  to  the  right. 


TABLE  11. 

V 

C 

V 

C              V 

C 

V 

C 

to     . 

■      "73 

33    ■ 

*3a            56    . 

'>3 

79    . 

■09 

II     . 

.     -65 

34    • 

•"             57    . 

'»3 

Bo    . 

•09 

13       . 

.      60 

35    . 

•21                    58      . 

•la 

81     . 

.     -09 

u 

-     55 

36    . 

•*)             59    . 

'la 

8a    . 

•09 

u    • 

.      S' 

37    • 

-ao            60    . 

'13 

83    . 

•     ^ 

»5 

-     -48 

38    - 

*>9             6k 

'la 

84    . 

•09 

t6     . 

.     -45 

39     • 

-iB             6a     . 

*ii 

85    . 

'08 

17     • 

•43 

40     . 

'i»             63     . 

'II 

86    . 

•08 

t8    . 

■40 

41     . 

■17             64     • 

-II 

87    ■ 

-08 

19    * 

■     -38 

4a 

'<7             65 

•17            66    . 

'II 

88    . 

•08 

ao    . 

.     -.16 

43 

*u 

89    . 

08 

21 

•      34 

44     • 

•16            67    . 

'II 

90    . 

*o8 

33       . 

•33 

45     • 

•16             68     . 

'11 

9t     • 

•08 

93      • 

-      3> 

46     . 

•16             69    . 

•10 

Va     . 

.      08 

34      ■ 

•      30 

47     . 

•IS            70    . 

*IO 

93    . 

•08 

as    ■ 

•29 

48     ■ 

•«S             7«     . 

•10 

94     ■ 

08 

a6    . 

•38 

49     • 

•IS            7a    • 

'lO 

?i: 

•08 

27      • 

.     ^7 

50     • 

*M             73     • 

'lO 

•     "07 

SB     ■ 

•36 

51     • 

•14             74     . 

TO 

97    . 

"07 

"9    • 

.     as 

5a     • 

•«4              75    . 

'ID 

98    . 

.     -07 

3P    • 

•     'M 

53    ■ 

•14             76     . 

■09 

99    • 

•07 

3»     • 

.      33 

54     - 

•>3             77    • 

09 

100    . 

•     '07 

3a    • 

.       '33 
1      ^ 

55     ■ 
I* i t_  . 

•13              78     • 
_t  _  _ 1 'tt 

09 

.      t 

150    . 

■        til 

■     -05 

After  each  testing  the  glass  and  capillary  tube  should  be  cleaned 
with  a  little  dilute  hydrochloric  acid  and  well  rinsed  wilh  dislJMed 
water.  The  lurbid  liquid  is  poured  into  a  flask,  which  should 
be  kept  well  corked,  containing  an  excess  of  crystallized  barium 
hydrate.  After  the  suspended  precipitate  has  subsided,  The  clear 
liquid  is  poured  off,  or,  if  necessary,   filtered,  into  another  flask, 

I  also  kept  well  corked,  from  which  it  may  be  poured  into  the  test 
glass  when  required.  Care  should  be  taken  not  to  expose  the 
solution  to  the  air  longer  than  necessary. 
Notification  of  the  London  Gas  Referees,— These  instruc- 
tions as  to  the  times  and  mode  of  testing  for  purity  and  illuminat- 
ing   power    are    applicable,    primarily,    to    the    Metropolis :    but, 
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secondarily,  they  will  be  found  useful  by  every  gas  manager,  the 
description  of  the  nwdus  operandi  of  testings,  as  well  as  of  the 
appliances,  beinjj  full  and  precise.     They  are  as  follows  : — 

Times  and  Mode  of  Testing  for  Purity,  — ^'^  The  testings  for 
purity  shall  extend  over  not  less  than  fifteen  hours  of  each  day, 
and  shall  be  made  upon  ro  cub.  ft.  of  gas.  The  gas  shall  l>e 
tested  successively  for  sulphuretted  hydrogen,  ammonia,  and 
sulphur  compounds  other  than  sulphuretted  hydrogen  in  the 
manner  hereinafter  prescribed.  These  testings  must  be  started 
between  q  a.m.  and  5.30  p.m.,  and  must  be  concluded  before 
9  a.m.  on  the  following  morning.  They  are  concluded  by  the 
action  of  an  automatic  lever  lap  attached  to  the  meter,  which 
stops  the  passage  of  the  gas  when  10 
cub,  ft.  have  passed.  A  clock  connected 
with  the  lever  tap  is  stopped  at  the  same 
moment,  leaving  a  record  of  the  lime ; 
and  the  tap  of  an  aerorthometer  is  turned, 
leaving  a  record  of  the  final  conditions 
under  which  the  gas  was  measured  by  the 
meter. 

"The  liquids  in  the  sulphur  and 
ammonia  tests  and  the  slips  of  paper  in 
the  tests  for  sulphuretted  hydrogen  then 
contain  the  sulphur  and  ammonia  which 
were  present  in  the  gas  supplied  to 
the  testing  place  during  the  day  which 
ended  at  9  a.m.  The  chemical  examina- 
tion of  these  liquids  may  be  made  on  the  following  day,  that  is  to 
say,  after  9  a.m." 

I.  Suiphuretted  Hydrogen,— *' The  gas  shall  be  passed  as 
it  leaves  the  service  pipe  through  a  small  governor  and  thence 
through  an  apparatus  (Fig.  158)  in  which  are  suspended  slips  of 
bibulous  paper,   impregnated  with  basic  acetate  of  lead. 

•*The  test  paper  from  which  these  slips  arc  cut  is  to  be  pre- 
pared from  time  to  time  by  moistening  sheets  of  bibulous  paper 
with  a  solution  of  one  part  of  sugar  of  lead  in  eight  or  nine  parts 
of  water,  and  holding  each  sheet  while  still  damp  over  the  surface 
of  a  strong  solution  of  ammonia  for  a  few  moments.  As  the  paper 
dries  all  free  ammonia  escapes. 
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*•  If  distinct  dfscoloration  of  the  surface  of  the  test  paper  is 
found  to  have  taken  place,  this  is  to  be  held  conclusive  as  to 
the  presence  of  sulphuretted  hydrogen  in  the  gas.  Fresh  test 
slips  are  to  be  placed  in  the  apparatus  every  day. 

**  In  the  event  of  any  impurity  being  discovered,  one  of  the 
test  slips  shall  be  placed  in  a  stoppered  bottle  and  kept  in  the 
dark  at  the  testing"  place  ;  the  remaining  slips  shall  be  forwarded 
v^'ith  the  daily  report." 

II.  Ammonia.  —  "The  gas  which  has  been  tested  for  suU 
phuretted  hydrogen  shall  pass  next  through  an  apparatus  con- 
sisting of  a  glass  cylinder  filled  with  glass  beads,  which  have  been 
moistened  with  a  measured  quantity  of  standard  sulphuric  acid. 
A  set  of  burettes,  properly  graduated,  is  provided. 

**The  maximum  amount  of  ammonia  allowed  is  4  grs.  per  100 
<rub.  ft.  of  gas;  and  the  examination  of  the  liquid  shall  be  made 
so  as  to  show  the  exact  amount  of  ammonia  in  the  gas. 

"Two  test  solutions  are  to  be  used — one  consisting  of  dilute 
sulphuric  acid  of  such  strength  that  25  measures  (septems)  will 
neutralize  i  gr.  of  ammonia  ;  the  other  a  weak  solution  of 
ammonia,   100  measures  of  which  contain   i  gr.  of  ammonia. 

'*  The  correctness  of  the  result  to  be  obtained  depends  upon 
the  fulfilment  of  two  conditions— 

**  I.  The  preparation  of  test  solutions  having  the  proper 
strength. 

•*  2.  The  accurate  performance  of  the  operation  of  testing. 
"To  prepare  the  test  solutions  ihe  following  processes  may  be 
used  by  the  Gas  Bxaminer  : — 

"  Measure  a  gallon  of  distilled  water  into  a  clean  earthenware 
jar,  or  other  suitable  vessel.  Add  to  this  94  septems  of  pure 
concentrated  sulphuric  acid,  and  mix  thoroughly.  Take  exactly 
50  septems  of  the  liquid  and  precipitate  it  with  barium  chloride  in 
the  manner  prescribed  for  the  sulphur  test.  The  weight  of  barium 
sulphate  which  50  septems  of  the  test  acid  should  yield  is  13*8  grs. 
The  weight  obtained  with  the  dilute  acid  prepared  as  above  will 
be  somewhat  greater,  unless  the  sulphuric  acid  used  had  a  specific 
gravity  below  1*84. 

**  Add  now  to  the  diluted  acid  a  measured  quantity  of  water, 
which  is  to  be  found  by  subtracting  13*8  from  the  weight  of 
barium  sulphate  obtained  in  the  experiment,  and  multiplying  the 
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difference  by  726.     The  resulting  number  is  the  number  of  septems 
of  water  to  be  added. 

**  If  these  operations  have  been  accurately  performed,  a  second 
precipitation  and  weighing  of  the  barium  sulphate  obtainable  from 
50  septems  of  the  test  acid  will  give  nearly  the  correct  number  of 
13*8  grs.  If  the  weight  exceeds  13*9  grs.,  or  falls  below  i3'7grs., 
more  water  or  sulphuric  actd  must  be  added,  and  fresh  trials 
madei  until  the  weight  falls  within  these  limits.  The  lest  acid 
thus  prepared  should  be  transferred  at  once  to  stoppered  bottles, 
which  have  been  well  drained  and  are  duly  labelled. 

**To  prepare  the  standard  solution  of  ammonia,  measure  out, 
as  before,  a  gallon  of  distitlcd  water,  and  mix  with  it  50  septems 
of  strong  solution  of  anintonia  (sp.  gr.  o'88).  Try  whether  100 
septems  of  the  test  alkali  thus  prepared  will  neutralize  25  of 
the  test  acidj  proceeding  according  to  the  directions  given  sub- 
sequently as  to  the  mode  of  testing.  If  the  acid  is  just  neutralized 
by  the  last  few  drops,  the  test  alkali  is  of  the  required  strength, 
But  if  not,  small  additional  quantities  of  water,  or  of  strong 
ammonia  solution*  must  be  added,  and  fresh  trials  made,  until 
the  proper  strength  has  been  attained.  The  bottles  in  which  the 
solution  is  stored  should  be  filled  nearly  fuH  and  well  stoppered. 

*'  The  mode  of  proceeding  is  as  follows  :  Take  50  septems  of 
the  test  acid  (which  is  greatly  in  excess  of  any  quantity  of  ammonia 
likely  to  he  found  in  the  gas),  and  pour  it  into  the  glass  cylinder, 
so  as  to  well  wet  the  whole  interior  surface,  and  also  the  glass 
beads.  Connect  one  terminal  tube  of  the  cylinder  with  the  gas 
supply,  and  the  other  with  the  meter,  and  make  the  gas  pass  at 
a  rate  of  not  more  than  two-thirds  of  a  cubic  foot  per  hour.  Anv 
ammonia  that  is  in  the  gas  will  be  arrested  by  the  sulphuric  acid, 
and  a  portion  of  the  acid  (varying  with  the  quantity  of  ammonia 
in  the  gas)  will  be  neutralized  thereby.  At  the  end  of  each  period 
of  testing,  wash  out  the  glass  cylinder  and  its  contents  with  dis- 
tilled water,  and  collect  the  washings  in  a  glass  vessel.  Transfer 
one  half  of  this  liquid  to  a  separate  glass  vessel,  and  add  a 
quantity  of  a  neutral  solution  of  litmus,  or  other  indicator  in 
ordinary  use,  just  sufficient  to  colour  the  liquid.  Then  pour  into 
the  burette  100  septems  of  the  test  alkali,  and  gradually  drop  this 
solution  into  the  measured  quantity  of  the  washings  collected, 
stirring  constantly.     As  soon  as  the   colour  changes  (indicating 
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^^hat  the  whole  of  the  sulphuric  acid  has  been  neutralized)^  read 
^BfF  the  quantity  of  Mquid  remaining  in  Ihc  burette.  To  find  the 
^Bumber  of  grains  of  ammonia  in  loo  cub.  ft.  of  the  gas,  multiply 
^'by  2  the  number  of  scptems  of  test  alkali  remaining  in  the  burette, 
and  move  tlie  decimal  point  one  place  to  the  left. 

'*The  remaining  half  ot  the  liquid  is  to  be  set  aside,  in  case 
it  should    be  desirable  to    repeat  the  volumetric  analysis.      This 
Hj^rtion  of  the  liquid  is  to  be  used  in  either  of  the  two  following 
^^ases : — 

"  I.  If  the  analysis  of  the  first  portion  of  the  liquid  show  an 
excess  of  impurity,  the  Gas  Examiner  shall  forthwith  give  the 
notice  provided  for  in  the  Acts  of  Parliament  (The  Gaslight  and 
Coke  Company  Act,  1876,  sect.  40,  and  others) ;  and  if  the 
Company  think  fit  to  be  represented  by  some  officer,  the  second 
portion  of  the  liquid  shall  be  examined  in  his  presence. 
^k  *'2.  If  the  analysis  of  the  first  portion  of  the  liquid  should 
^^niscarry,  or  the  Gas  Examiner  have  any  reason  to  distrust  the 
result,  he  shall  be  at  liberty  to  make  an  analysis  of  the  second 
portion,  provided  that  before  doing  so  he  give  notice  to  the 
Company  in  order  that  they  may,  if  they  think  fit,  be  represented 
by  some  officer. 

^*  Unless  thus  used,  it  is  to  be  preserved,  in  a  bottle  properly 

labelled,  for  a  week." 

^K      in.  Measurement  of  Qas  and  of  the  Rate  of  Flow, — *'  The 

^^;*is,    which     has    been     tested     for    sulphuretted    hydrogen   and 

ammonia,  shall   pass   next  through  a  meter   by  means  of  which 

the  rate  of  flow  can  be  adjusted,  and  which  is  provided  with  a 

^^elf-acting  movement  for  shutting  off  the  gas  when    10  cub.   ft. 

^Hiave  passed,   for  stopping  a  clock  so  as  to  indicate  the  time  at 

which   the   testings   terminated,   and   for  turning   the   tap   of  the 

recording  aerorthomcter.       The  Gas   Examiner  shall  enter  in  his 

l>ook    the   time  thus  indicated,    as    also    the   time  at    which    the 

^Klestings  began. 

^H  **The  clock  required  is  a  good  pendulum  clock,  with  a  wire 
passing  transversely  through  the  case  behind  the  pendulum. 
Outside  the  case  a  lever  arm  is  clamped  to  the  wire,  so  that  when 
liberated  the  arm  will  drop  and  turn  the  wire.  Inside  the  case 
an  arm  is  clamped  to  the  wire,  and  at  the  end  of  the  arm  a  flexible 
Lwire  is  fastened  ;  when  the  lever  drops,  this  (lexible  wire  is  brought 
22 
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into  gentle  fricttoaal  contact  with  the  pendulum  so  as  to  stop  ^i^ 

without  shock. 

**Thc  clock  should  be  wound  from  the  front,  and  both  hands 

should  be  mounted  so  that  they   can  be   set  nidependently    iJso 

from  the  front.      It  is  desirable  that  the  clock  should  be  able  to  go 

for  a  week  with  one  windinij." 

IV.  Sulphur  Compounds  other  than  Sulphuretted  fiytM^- 

gen,~* '  The  testing  shall  be  made  in  a  room  where  no  gas  is  l>«-irnl 

other  than  tlial  which  is  being  tested  for  sulphur  and  ammonia- 

"  The  apparatus  to  be  employe" 

is  represented  by  the  diagram  (  ^i^* 

159),  and  is  of  the  following  des«:^r'P" 

lion:    The   gas    is    burnt   in   a   s  «Tii^'' 

Bunsen     burner     with     steatite       '•op' 

which  is  mounted   on   a  short  c^^^"*' 

drical    stand,    perforated    with    Jm.  *1«^ 

for  the  admission  of  air,   and   ha'^^''"£ 

on  its  upper  surface  a  deep,  circ:  ^^^ 

channel  to  receive  the  wide  end   ^c:^'  * 

glass  trumpet  tube. 

**  Pieces    of   sesqui  -  carbonate 

ammonia,   from  the  surface  of  w^^'^" 

any  efflorescence  has  been  remo^^*^' 

of 

:ter 

thi- 
and 


of 


I 


I 
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are  to  be  placed   round   the  ste 
the  burner.     The  index  of  the  m^ 
is  to  be  then  turned  forward  to 
point  at    which    the  catch    falls,  ^ 
will   again   support    the  lever   tap 
the  horizontal  position.     The  leve^ 
then  made  to  rest  against  the  ca^ 
The  index  is  then  turned  back  t^ 


rrs 
tell 
3  a 


so  as  to  turn  on  the  gas. 
little  short  of  zero,  and  the  burner  lighted.     When  the  inde>^  "Jj 
close  to  zero  the  trumpet  tube  is  placed  in  position  on  the  stc^^"*'^ 
and  its  narrow  end  connected  with  the  tubuUtre  of  the  conden^*^* 
At  the  same  time,  the  long  chimney  tube  is  attached  to  the  *^^P   — 
of  the  condenser.  f 

**As  soon  as  the  testing  has  been  started,  a  reading  of  ^"^ 
acrorthometer  is  to  be  made  and  recorded.  The  mechanism  for 
stopping  the  clock  is  then  to  be  connected  with  the  lever  tap  of 
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the  meter,  so  that  both  may  be  stopped  at  the  same  moment, 
when  lo  cub.  ft.  of  jjas  have  passed  through  the  meter.  The 
lime  at  which  the  testings  begins  is  to  be  recorded. 

'*  After  each  testing,  the  flask  or  beaker  which  has  received 
the  liquid  products  of  the  combustion  of  the  ro  cub.  ft.  of  gas,  is 
lo  be  emptied  into  a  measuring  cylinder  and  then  replaced  to 
receive  the  washings  of  the  condenser.  Next  the  trumpet  tube  is 
to  be  removed  and  well  washed  out  into  the  measuring  cylinder. 
The  condenser  is  then  to  be  flushed  twice  or  thrice  by  pouring 
quickly  into  the  mouth  of  it  40  or  50  c.c.  of  distilled  water.  These 
washings  are  brought  into  the  measuring  cylinder,  whose  contents 
are  to  be  well  mixed  and  divided  into  two  equal  parts. 

**  One-half  of  the  liquid  so  obtained  is  lo  be  set  aside,  in  case 
it  should  be  desirable  to  repeat  the  determination  of  the  amount 
of  sulphur  which  the  liquid  contains.  This  portion  is  to  be  ex- 
amined under  the  same  conditions  as  have  been  prescribed  for  the 
examination  of  the  second  portion  of  the  liquid  obtained  from  the 
apparatus  used  in  testing  for  ammonia;  unless  thus  previously 
used,  it  is  to  be  preserved,  in  a  bottle  properly  labelled,  for  one 
week. 

'*The  remaining  half  of  the  liquid  is  to  be  put  into  a  flask, 
or  beaker  covered  with  a  large  watch-glass — treated  with  hydro- 
chloric acid  sufficient  in  quantity  to  leave  an  excess  of  acid  in  the 
solution — and  then  raised  to  the  boiling  point.  An  excess  of  a 
solution  of  barium  chloride  is  now  to  be  added,  and  the  boiling 
continued  for  five  minutes.  The  vessel  and  its  contents  are  lo  be 
allowed  to  stand  till  the  barium  sulphate  Settles  at  the  bottom  of 
the  vessel,  after  which  the  clear  liquid  is  to  be  as  far  as  possible 
poured  off  through  a  paper  filter.  The  remaining  liquid  and 
barium  sulphate  are  then  to  be  poured  on  to  the  filter,  and  the 
latter  well  washed  with  hot  distilled  water.  (In  order  lo  ascer- 
tain whether  every  trace  of  barium  chloride  and  ammonium 
chloride  has  been  removed,  a  small  quantity  of  the  washings  from 
the  filter  should  be  placed  in  a  lest  tube,  and  a  drop  of  a  solution 
of  silver  nitrate  added  ;  should  the  liquid,  instead  of  remaining  per- 
fectly clear,  become  cloudy,  the  washing  must  be  continued  until, 
on  repeating  the  test,  no  cloudiness  is  produced.)  Dry  the  filler 
tvith  its  contents,  and  transfer  it  into  a  weighed  platinum  crucible. 
Heat    the    crucible    over    a    lamp,    increasing    the    temperature 
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gradually,  from  the  point  at  which  the  paper  begins  to  cha«*i^P 
to  bright  redness.  When  no  black  particles  remain,  allows  ^^*^ 
crucible  to  cool  ;  place  it  when  nearly  cold  in  a  desiccator  over 
strong  sulphuric  acid,  and  again  weigh  it.  The  difference  be- 
tween the  first  and  second  weighings  of  the  crucible  will  giv^  the 
number  of  grains  of  barium  sulphate.  Multiply  this  number"  by 
II  and  divide  by  4  ;  the  result  is  the  number  of  grains  of  sulp^hur 
in  100  cub.  ft.  of  the  gas. 

'*This  number  is  to  be  corrected  for  the  variations  of  tem^^i'^- 
ture  and  atmospheric  pressure  in  the  manner  indicated  under  the 
head  of  Illuminating  Power,  with  this  differencct  that  the  meaO  *^* 
the  aerorthomeler  readings  found  ut  the  beginning  and  at  the  end 
of  any  testing  shall  be  taken  as  the  reading  for  that  testing* 
The  reading  at  the  beginning  of  the  testing  is  to  be  made  by  t^*^ 
Gas  Examiner,  who,  before  leaving  the  testing  place,  will  set  tl'ie 
columns  of  mercury  level  In  the  two  tubes  of  the  instrument,  a*'*^ 
will  connect  the  lever  tap  of  the  aerorthomeler  with  thatof  the  met^*"* 
The  fall  of  the  lever  of  the  meter  will  release  a  similar  lever  ttxt'*^ 
ing  a  tap  which  closes  the  lube  of  the  aerorthomeler.  The  re^^" 
ing  of  the  aerorthomeler  as  il  stood  at  the  end  of  the  testing  -^^^  '^^ 
require  a  small  correction  for  the  difference  in  level  of  the  merc»^  "7 
in  the  two  lubes,  which  is  to  be  made  in  the  following  manner  : ■ 

'VLet  K  be  the  correct  reading,   r,  the  actual  reading  of    t  ^^*^ 
aerorlhometer,  r»  the  reading  of  the  companion  tube,  /i  the  me-^*" 
height   of  the  barometer  in  units  of  the  aerorthomeler  scale*       ^ 
figure  which  will  be  printed  on  each  instrument.     Then 


R 


r,  X 


^  +  /'] 


4 


>  "  h 

**  The* correction  by  means  of  the  aerorthomeler  reading  rti^}' 
be  made  most  simply  and  with  sufficient  accuracy  in  the  follow^i*^^' 
manner : — 

**  When  the  aerorlhometer  reading  is  between  ■955-'9^-^' 
•966-975,  '976  "985,  '9^6  '995 »  diminish  the  number  of  grai"* 
of  sulphur  by  4,  3,  a,  1  per  cent. 

**  When  the  aerorthomeler  reading  is  between  '996-r*oo5.  ^^ 
correction  need  be  made. 

**When  the  aerorthomeler  reading  is  between  i'oo6"roi5. 
i'oi6-i'025,  I  "026-1 '035,  increase  the  number  of  grains  o( 
sulphur  by  i,  2,  3  per  cent. 
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i         "Example- 

Grains  of  barium  sulphate  from 

Aerorthom^ier  reading  i  oi8 

5  cub.  ft.  of  gas    . 

4  3 

Alultiply  by  1 1,  and  divide  by  4  . 

II 

4)47'3 

1 

Orains  of  sulphur  in  ro*^  cub.  ft. 

1 

of  gas  (uncorrected) 

11-82 

Add  1 1*8  X  -^'-Q  =     . 

•24 

Grains  of  sulphur  in  100  cub.  ft. 

Result: 

of  gas  (corrected) 

12*06 

I2-I  grs. 

■  "The  aerorlhometer  reading  is  the  reciprocal  of  the  Tabular 
Number.  The  Gas  Examiner  shall,  not  less  often  than  once  a 
month,  compare  the  at*rorthomcter  reading  with  the  reciprocal  of 
The  Tabular  Number  deduced  from  observations  of  the  barometer 
s\.v\d  thermometer,  and  if  there  Is  a  difference  of  more  than  J  per 
cent,  the  instruments  are  to  be  readjusted. 


*^  As  to  ihe  ^faximum  Amounts  0/  Jmpun'fy  in  each  Form 
"which  the  Gas  shalt  be  alitrtvcti  to  be  Charged, 


toiih 


\        *^  Sulphuretfcd  Hydrogen.— By  the  Acts  of  Parliament  all  gas 
supplied  must  be  wholly  free  from  thrs  impurity. 

^*  Ammonia, — The  maximum  amount  of  this  impurity  shaM  be 
^  grs.  per  100  cub.  ft. 

**  Sulphur  Compounds  other  thau  Sutpiturctted  IIydrogc%t. — The 
maximum  amount  of  sulphur  with  which  gas  shall  be  allowed  lo 
be  charged  shall  be  17  grs.  in  every  100  cub.  ft.  of  gas.** 


V 


TIMES  AND  MODE  OF  TESTING  FOR 
ILLUMINATING  POWER. 


"The  standard  to  be  used  in  testmg  the  illuminating  power  of 
gas  shall  be  a  peiUane  ten-candle  lamp,  which  has  been  examined 
and  certified  by  the  Gas  Referees.  A  Fig.  and  description  of  the 
lamp  is  given  at  p.  304.  The  residue  of  penlane  in  the  saturator 
shall,  at  least  once  in  each  calendar  month,  be  removed.  It  shall 
not  be  used  again  in  any  testings. 

**The  pentant-  to  be  used  in  this  lamp  shall  be  prepared  as 
described,  and  shall  show  when  tested  the  properties  specified. 

*'  All  pentane  provided  by  the  Gas  Companies  will  be  examined 
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and  certified  by  the  Gas  Referees,  and  wll  be  sent  to  the  testing- 
places  in  i-pinl  cans,  which  have  been  both  sealed  and  labelled  by 
them  ;  and  no  pcntane  shall  be  used  in  the  testing  places  other 
than  that  which  has  been  thus  certified. 

•'The  testing's  for  illuminating'  power  shall  be  three  in  number 
daily.  But  it'  the  average  of  three  testing's  falls  below  the  pre- 
scribed illuminating  power,  a  fourth  testing  shall  be  made. 

"  The  photometers  to  be  used  in  the  testing  places  shall  be  the 
table  photometer. 

"The  several  parts  of  the  apparatus  stand  upon  a  well-made 
and  firm  table,  5  ft.  6  in.  by  3  ft.  6  in.,  and  z  ft.  5  in.  high.  The 
upper  surface  of  this  table  is  smooth,  level,  and  dead  black.  Upon 
this  are  placed  or  clamped  in  the  positions  shown — 

"(i)  The  gas  meter;  (2)  the  gas  governor;  (3)  the  regulating 
tap;  (4)  the  'Sugg's  London  Argand,  No.  1'  burner;  {5)  the 
connecting  pipes ;  (6)  the  pentane  ten-candle  lamp ;  (7)  the 
ph  o  toped  ;  (8)  the  acrorthometer  ;  (9)  the  stop-clock;  (10)  dark 
screens. 

I  All  these  several  parts  are  described  in  great  detail  in  the 
NotifLcation.] 

"The  air-gas  in  the  lamp  is  to  be  kept  burning  so  that  the 
flame  is  near  its  proper  height  for  at  least  ten  minutes  before  any 
testing  is  made.  At  the  completion  of  every  testing  the  air-gas  is 
to  be  turned  out ;  but  if  the  interval  between  two  testings  does 
not  much  exceed  one  hour,  and  the  Gas  Examiner  is  present  during 
the  interval,  he  may,  instead  of  turning  it  out,  turn  it  down  low. 

"The  gas  burner  attached  to  each  photometer  shall  be  a 
standard  burner  corresponding  to  that  which  has  been  deposited 
with  the  Warden  of  the  Standards  in  accordance  with  Section  37 
of  The  Gaslight  and  Coke  Company  Act,  1S76.  The  following  is 
a  description  of  the  standard  burner  to  be  used  :— 

*'This  was  designed  by  Mr.  Sugg,  and  was  called  by  him 
*  Sugg's  London  Argand,   No.   i.* 

*'  A  full-sized  section  (here  given  half  size)  is  appended  (Fig. 
160),  in  which  A  represents  a  supply  pipe,  B  the  gallery,  C  the 
cone,  D  the  steatite  chamber,  K  the  chimney. 

'*  The  following  are  the  dimensions  of  those  parts  of  the  burner 
upon  which  its  action  depends: — 
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Diameter  of  supply  pipes         .  .         .         . 

External  diameter  of  annular  steatite  chamber 
Internal  diameter  of  annular  steatite  chamber 
Number  of  holes  .....  J4 
Diameter  of  each  hole  ..... 
Internal  diameter  of  cone — 

At  the  bottom 

At  the  top    ...... 

Height  of  upper  surface  of  cone  and  of  steatite 

chamber  abnve  floor  of  gallery 
Height  of  glass  chimney         .  .         .  . 

Internal  diameter  ol  chimney 


*'Each  burner  shall  bear  a  distinctive 

lumber.       No    burner    shall   be  used    for 

testing  the  illuminating  power  of  gas  that 

does  not  bear  the  lead  seal  of  the   Gas 

.^eferccs. 

'*A  clean  chimney  is  to  be  placed  on 
the  burner  before  each  testing. 

"The  gas  under  examination  is  to  be 

Wept  burning,  so  that  the  flame  is  about 

the    usual     height,     for    at    least    fifteeti 

rninutes  before  any  testing  is  made;  and 

no    gas    shall    pass    through    thf    meter 

attached    to  the  photometer  except   that 

which  is  consumed  by  the  standard  burner 

in  testing  or  during  the  intervals  between 

Ihe  testings  made  on  any  day,  and  that 

which  is  used  in  proving  the  meter. 

**The  paper  used  in  the  photoped  of 
the  photometer  shall  be  white  in  colour, 
un^lazed,  of  fine  grain,  and  free  from 
water  marks.  It  shall  be  as  translucent 
as  is  possible  consistently  with  its  being 
■•ufficiently  opaque  to  prevent  any  change 
"I  the  apparent  relative  brightness  of  the 
*wo  portions  of  the  illuminated  surface 
*hen  the  head  is  moved  to  either  side. 
This  paper  should,    when  not  in  use,  be 
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covered  to  protect  it  from  dust,  and  if  it  has  been  in  any  way 
marked  or  soiled,  a  fresh  piece  is  to  be  substituted. 
*'  Each  testing  shall  be  made  as  follows : — 
**The  index  of  the  reg^ulating-  tap  shall  be  so  turned  that  the 
gas  flame  gives  rather  less  light  on  the  photoped  than  the  standard^ 
and  shall  then  be  gradually  turned  on  until  equal  illumination  has 
been  obtained.  The  position  of  the  index  shall  then  be  noted. 
Next,  the  tap  shall  be  so  turned  that  the  gas  flame  appears  to 
give  rather  more  light  than  the  standard,  and  shall  then  be 
turned  off  until  equality  is  again  attained,  and  the  position  of  the 
index  shall  be  again  noted.  The  double  operation  shall  be  re- 
peated. The  mean  of  the  four  index  positions  shall  be  taken  as 
that  which  gives  true  equality  of  illumination.  The  index  shall  be- 
set to  this  mean  position*  the  quality  of  illumination  verified,  and 
the  time  that  the  hand  of  the  meter  takes  to  make  two  complete 
revolutions  shall  be  observed. 

'*  In  order  to  make  ihis  observation,  a  stop-clock  shall  be  used, 
by  which  the  time  which  has  elapsed  since  the  clock  was  started 
can  be  read  with  an  accuracy  of  at  least  half  a  second.  The  clock 
shall  be  started  at  the  moment  when  the  meter  hand  points  either 
to  zero  or  to  some  other  convenient  mark,  and  a  note  shall  be  im- 
mediately made  of  the  mark  chosen.  Exactly  at  the  completion 
of  the  second  turn  of  the  meter  hand  the  Gas  Examiner  shall  stop 
the  clock.  The  time  of  two  revolutions  thus  indicated  by  the 
clock  is  to  be  read  to  the  nearest  half-second  and  found  in  the  Table 
A,  given  herewith.  From  this  and  the  reading  of  the  aerortho- 
meter,  or  a  determination  of  the  tabular  number,  the  illuminating 
power  of  the  gas  is  to  be  obtained,  either  directly  or  by  interpola- 
tion. Only  one  figure  after  the  decimal  point  need  be  entered 
when  the  result  is  above  ib;  where  a  lower  result  is  found,  both 
figures  should  be  noted  and  entered.  A  Table,  B,  giving  the 
Tabular  Numbers  for  different  temperatures  and  pressures  is 
appended. 

**  The  method  of  finding  the  illuminating  power  from  the  table  by 
interpolation  may  be  illustrated  by  the  two  following  examples  :  — 
**I,  Time,  I  min.  53  sec.  Reading  of  aerorthometer,  1*073, 
By  the  table  the  illuminaling  power  corresponding  to  this  lime 
of  consumption  and  to  the  reading  1*070  is  i6*i2»  while  for  the 
reading  i-oSo  it  is   ifr2'j.     Thus,  in  this  part  of  the  scale,  when 
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TABL.B  >   "^S^^  °^  '^  Candles,  and  from  Readings  of  the  Barometer, 
of  one-sixth  of  a  cubic  foot  of  gas  is  to  be  found  in  the 
nd  column  is  found  the  Illuminating  Power. 

Aerorthofl 

iO 

r'o6o 

x"070 

I  ■080 

1*090 

I'lOO 

1*110 

z'lao 

Tabulati 

;3 

944 

■935 

■936 

*9i8 

-909 

■901 

■893 

Minute. 

X 

;6 

1470 

14-84 

14-98 

15-" 

15-35 

15*39 

15-53 

'O 

14-84 

14-98 

15-" 

IS -36 

15*40 

15*54 

15-68 

'4 

14-98 

15-" 

15-36 

15 -41 

15 '55 

1569 

1583 

I 

|8 

15-12 

15-27 

15-41 

15  55 

IS -69 

15*84 

15-98 

2 

X526 

15-41 

15-55 

1570 

15-84 

15-98 

16-13 

i6 

i5*4X 

1555 

1570 

15-84 

15-99 

16*13 

16*38 

o 

i5"5S 

55-69 

15-84 

i5'99 

i6-t3 

16-38 

16-43 

z 

;4 

8 

15 '69 

15-83 

15-84 

15-98 

16*13 

16-28 

16-43 

16-58 

15*98 

16*13 

16-28 

16-43 

16-58 

16-73 

2 

15 '97 

l6*I2 

16*37 

16*43 

16 '57 

16-73 

16-87 

6 

i6ii 

16-36 

16-43 

16-57 

16-72 

16*87 

170a 

o 

16-25 

i6*4i 

16-56 

16-71 

16*87 

17-03 

17*17 

z 

■* 

16-39 

16*55 

16*70 

16-86 

1701 

17-17 

17-33 

8 

i6"54 

16*69 

16*85 

17-00 

17*16 

17-32 

17-47 

8 

16 -68 

16-83 

16-99 

171S 

17-31 

17*46 

17-63 
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6 

16-83 

16-98 

17-14 

17-39 

I7'45 

17-61 

17*77 

o 

16-96 

17*12 

17-28 

17-44 

17-60 

17-76 

17*93 

3 

4 

17*10 

17*36 

17*42 

17-59 

17-75 

17*91 

18*07 

8 

17-24 

17*41 

17-57 

1773 

17-89 

18*05 

18-22 

2 

17-38 

17-55 

1771 

17*88 

18  04 

18*20 

18-37 

6 

1 7  "53 

17-69 

17*86 

18*02 

18-19 

18-35 

18*53 

3 

o 

17-67 

17-83 

18 -oo 

18*17 

18-33 

18-50 

18-67 

4 

i7'8i 

17*98 

18*14 

x8*3i 

18-48 

18-65 

18-82 

8 

1795 

l8*I3 

18*29 

18-46 

1863 

18 -So 

18-97 

3 

3 

18*09 

18-36 

18-43 

18-60 

1877 

18-94 

1911 

6 

18*23 

18-40 

18-58 

1875 

18*92 

19-09 

19*36 

0 

18-37 

i8'55 

1872 

18-89 

19-07 

19*34 

19-41 

4 

18-51 

18^9 

18-86 

19*04 

19-31 

19*39 

19*56 

8 

i8'66 

18*83 

19-01 

I9'i8 

19*36 

I9'54 

1971 

Se 

conds. 

/ 


r  Number 


|and  tinder  different  Atmospheric  Pressures. 

68» 

^ 

7a* 

74' 

76' 

78- 

80* 

8a* 

84- 

7 

"9X3 

^907 

•90a 

•897 

■89a 

•887 

•881 

•875 

•870 

I 

*9i6 

■911 

•90s 

•900 

•89s 

■890 

•884 

•879 

•873 

4 

•919 

■9U 

•909 

•904 

•898 

■893 

■887 

•883 

"870 

•99a 

•917 

•91a 

^907 

1903 

•896 

'891 

-885 

•880 

1' 

•9a6 

•931 

•9x5 

'910 

■90s 

•900 

■894 

•888 

•883 

1 

'999 

^934 

•919 

•914 

■908 

■903 

'897 

■893 

-886 

•93a 

'9*7 

•933 

•9x7 

^12 

•906 

•901 

•89s 

•889 

•936 

•931 

•935 

•930 

•9x5 

^909 

•904 

•898 

■893 

'939 

•934 

•939 

•924 

-9x8 

•9x3 

^907 

•901 

•896 

^942 

•937 

■933 

^937 

•93X 

■9x6 

•9x0 

•90s 

•899 

•946 

•941 

•935 

•930 

•9aS 

•9x9 

•914 

v>o8 

•903 

•949 

•944 

•939 

•933 

•928 

■933 

•9x7 

•91X 

•906 

^53 

'947 

•943 

•937 

•93X 

*936 

■920 

•9x4 

■909 

•956 

•950 

•945 

•940 

•935 

•939 

•923 

■918 

•913 

•959 

•954 

■949 

•943 

■938 

•932 

•927 

•921 

•9x5 

8 

•962 

•957 

•953 

•947 

■941 

•936 

•930 

•924 

•919 

•966 

■960 

•9SS 

■950 

•944  i 

•939 

■933 

•927 

•923 

•969 

•964 

•959 

•953 

•948  1 

•942 

•937 

•93X 

•925 

•97^ 

•967 

•962 

•957 

■951  1 

•946 

•940 

•934 

•938 

•976 

•970 

•96s 

•960 

•954 

•949 

'943 

•937 

932 

•979 

•974 

•968 

•963 

•958  i 

•952 

•946 

•941 

'935 

•983 

•977 

•972 

•966 

•961  1 

•955 

•950 

•944 

•938 

•986 

■980 

■975 

■970 

•964  1 

'959 

•953 

•947 

■941 

•989 

■984 

•978 

■973 

•968  \\ 
•971  \ 

•962 

•956 

'950 

'945 

•993 

•987 

•982 

•976 

•965 

*959 

'954 

■948 

•996 

-990 

•985 

-980 

*974    [ 

•969 

•963 

•957 

•95X 

.999 

•99* 

■988 

•983 

•977    1 

•972 

•966 

•960 

•954 

1-003    1 

•997 

•992 

•986 

•981    i| 

•975 

•969 

•963 

•957 

1*006 

I'OOO 

•995 

•990 

•984     1 

-978 

•972 

•967 

•961 

1*009 

1*004 

•998 

•993 

•987 

■982 

•976 

•970 

•964 

1*013 

i'007 

x*ooa 

•996 

^x 

I 

■985 

•979 

■973 

•967 

of  the  barometer  in  inches,  /  the  temperature  on  the  Fahrenheit 
Tcsponduig  volume  at  60®  and  30  Vnciafcft  ^tesawit^N  ^^nm* 
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the  reading  is  lo  degrees  higher  the  ilUiminaling  power  is  greater 
by  0*15  candle.     Hence,  when  the  reading  is  3  degrees  above  1  "070, 
the    corresponding    ilKiminating    power   is    16*12  +  ^jy  x  0*15  « 
i6'i65  candles,  and  the  number  to  be  returned  is  16*2. 

**  II.  Time,  2  min.  ij  sec.  Reading  of  aerorlhometer,  '984, 
The  numbers  in  the  table  under  '980  are  i5"8i  for  2  min.  i  sec, 
and  15*94  fo^  2  min.  3  sees.  ;  therefore  the  number  corresponding 
to  i^  sec.  is  the  half-way  number  15*875;  the  number  found 
similarly  under  '990  is  16*035.  The  increase  for  10  degrees  is  here 
o'i6  ;  the  number  corresponding  to  the  reading  "984  is  accordingly 
'5'S75  +  1*5  ^  o'i6  =  «S'939;  and  the  number  to  be  returned  is 
«5*94- 

**  If,  in  very  exceptional  circumstances,  the  aerorthometer  scale 
or  the  tables  do  not  include  the  conditions  that  are  met  with,  the 
Gas  Examiner  shall  determine  the  illuminating  power  by  means  of 
one  or  other  of  the  formula  printed  below  the  tables. 

**The  Gas  Examiner  shall,  at  least  once  a  week,  compare  the 
stop-clock  with  the  standard  clock  in  each  testing  place. 

**  The  Gas  Examiner  shall  enter  in  his  book  the  particulars  of 
every  testing  of  illuminating  power  made  by  him  at  the  testing 
places,  during  or  immediately  after  such  testing  ;  and  in  the  case 
of  any  testing  which  he  rejects  he  shall  also  stale  the  cause  of 
rejection.  No  testing  is  to  be  rejected  on  the  ground  that  the 
result  seems  improbable.'* 


MODE  OF  TESTING  THE  PRESSURE  AT  WHICH 
GAS  IS  SUPPLIED. 

'*  Testing  of  pressure  shall  be  made  by  unscrewing  the  governor 
and  burner  of  one  of  the  ordinary  public  lamps,  in  such  street  or 
part  of  a  street  as  the  Controlling  Authority  may  from  time  lo  time 
appoint,  and  attaching  in  their  stead  a  portable  pressure  gauge. 

**  Each  testing  place  is  provided  with  a  gauge  prescribed  for 
this  purpose  by  the  Referees,  consisting  of  an  ordinary  pressure 
gauge  inclosed  in  a  lantern,  which  also  holds  a  candle  for  throwing 
light  upon  the  tubes  and  scale.  The  difference  of  level  of  the 
water  in  the  two  limbs  of  the  gauge  is  read  by  means  of  a  sliding 
scale,  the  zero  of  which  is  made  to  coincide  with  the  top  of  the 
tower  column  of  liquid. 
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"The  Gas  Examiner  having  fixed  the  gauge  gas-tight,  and  as 
nearly  as  possible  vertical  on  I  he  pipe  of  the  lamp,  and  having 
opened  the  cocks  of  the  lamp  and  gauge,  shall  read  and  at  once 
record  the  pressure  shown.  From  the  observed  pressure  one-tenth 
of  an  inch  is  to  be  deducted  to  correct  for  the  diflTerence  between 
the  pressure  of  gas  at  the  top  of  the  lamp  column  and  that  at 
which  it  IS  supplied  to  the  basement  of  neighbouring  houses." 


m 
is 


THE  GAS  REFEREES'  STREET  LAMP 
PRESSURE  GAUGE. 

This   instrument  (Fig.   i6i)  has  been  designed  by  the   G»s 
Referees,  in  accordance  with  Section  6  of  The  G^*'** 
light    and  Coke   and    Other   Gas    Companies'    A<^^* 
Amendment  Act,  1880,  for  the  purpose  of  testingT 
any  street  at  any  hour  the  pressure  at  which  gat* 
supplied.      Us  construction  and  mode  of  use  ar^ 
follows  : — 

**  Within  a  lantern  provided  with  a  handle  ■*/ 
carrying  and  feet  for  resting  on  the  ground  •  '* 
placed  a  candle-lamp,  to  give  light  for  reading  c:  ■^* 
gauge.  In  front  of  ihe  candle-lamp  is  a  sheet  of  cyf^ 
glass,  and  in  front  of  this  a  glass  U-lube,  pa*'^  - 
filled  with  coloured  water,  and  communicating  at  *^  *^ 
end  with  the  air,  at  the  other  with  a  metal  pi  f^  ' 
which  passes  through  the  bottom  of  the  lantern.  '" 

order  to   read   easily  and  accurately  the    differer* 
of  level  of  the  liquid  in  the  two  limbs,  a  scale  divid*^ 
into  tenths  of  an  inch  is  made  to  slide  between  ih^*^ 
,.        ,  with  suflRci.ent  friction  to   retain  it  in  any   positi*^*^    * 

The  zero  of  the  scale  having  been  brought  level  wi^ 
the  surface  of  the  liquid  which  is  pressed  upon  by  the  gas,  t^"* 
height  above  this  of  the  surface  which  is  pressed  upon  by  t^* 
air  can  be  read  directly.  The  lantern  is  closed  in  front  by  a  gl3*^ 
door,  at  each  side  of  which  is  a  reflector  for  throwing  light  upK'^ 
the  scale  of  the  gauge.  Above  each  limb  of  the  U-tube  is  a  t^f^* 
which  can  be  closed  when  the  instrument  is  not  in  use,  to  prever»  ' 
the  liquid  being  accidentally  spilt. 

'*  To  make  a  testing  of  pressure  the  governor  and  burner  of  ^ 
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street  lamp  are  to  be  removed,  and  the  pressure  gauge  is  to  be 
screwed  on  to  the  gas  pipe,  by  which  It  is  supported.  The  cock 
is  then  turned  on,  and  a  reading  made.  If  on  turning  off  the  cock 
the  level  of  the  liquid  is  unchanged,  or  changes  slowly,  the  reading 
is  correct ;  but  if  the  level  changes  quickly,  the  junction  between 
the  lamp  and  the  gauge  must  be  made  more  perfect,  and  the  test- 
ing repeated.  A  small  leakage  is  immaterial,  provided  the  cock  is 
turned  fully  on. 

"The  pressure  at  the  top  of  the  lamp  column  is  greater  by 
^bout  o'l  inch  than  that  at  the  main,  which  is  the  pressure  re- 
quired. Accordingly,  a  deduction  of  o*i  inch  from  the  observed 
pressure  is  to  be  made." 


METERS. 

'*  Each  of  the  meters  used  for  measuring  the  gas  consumed  in 

'^^king  the  various  testings  is  constructed  with  a  measuring  drum 

^  nich  allows  one-twelfth  of  a  cubic  foot  of  gas  to  pass  for  ev-^ery 

""^Volution.     A  hand  is  fastened  directly  to  the  axle  of  this  drum, 

!^d  passes  over  a  dial  divided  into  one  hundred  equal  divisions. 

»ie  dial  and  hand  are  protected  by  a  glass.     In  the  meter  em- 

•^*oyed  in  testing  the  purity  of  gas,  the  pattern  of  dial  for  showing 

He  number  of  revolutions  and  the  automatic  cul-off  hitherto  in  use 

nail  be  retained,  but  In  the  meter  employed  forlesting  illuminating 

t^ower,  only  the  dial  above  described  is  needed.      The  stopcock 

'Viay  be  either  attached  to  the  meter  or  separate, 

^k        *'The  meters  used  for  measuring  the  gas  consumed  in  making 

Hithe  various  testings,  having  been  certified  by  the  Referees,  shall,  at 

I^Peast  once  in  seven  days,  be  proved  by  the  Gas  Examiners  by  means 

of  the  Referees'  one-twelfth  of  a  cubic  foot  measure.    A  description 

of  this  instrument,  with  directions  how  to  use  it,  is  here  given. 

•*  No  meter  other  than  a  wet  meter  shall  be  used  in  testing  the 

ras  under  these  instructions." 


THE  GAS  REFEREES'  ONE-TWELFTH  OF  A 
CUBIC  FOOT  MEASURE. 


**  This  instrument  is  represented  in   Fig.  162.      It  consists  of 
vessel  of  blown  glass  of  a  cylindrical  form,  with  rounded  ends, 


A 


'II  la  iiccucu  i<Ji   wic  i^uuiuAi  I 

l\VL»   tubular   necks   of  the  instrume 
placed  below  and  parallel  to  the  top 


Fir..  162. 


branch  of  which  is  provided  with  a  sto 
*'  A  separate  stand  carries 
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is  fitted  a  metal  tap.  The  end  of  the  tap  is  to  be  turned  slightly 
downwards,  and  is  to  have  a  diameter  outside  of  about  8  mm. 
The  size  of  the  way  throug"h  the  tap  and  of  the  connections 
is  such  that  when  a  meter  is  being  proved  in  the  manner  to  be 
described,  the  water  fills  the  instrument  from  one  mark  to  the 
other  in  about  one  minute.  The  water  vessel  has  a  tubulure  in  the 
Cover,  to  which  a  narrow  glass  tube  is  fitted  by  means  of  a  cork, 
^<^  that  air  may  enter  or  escape.  The  end  of  the  tube  is  bent 
""Ound  upon  itself  in  the  form  of  a  crook,  so  as  to  exclude  dust  and 
^irt.  An  india-rubber  tube  connects  the  tube  at  the  base  of  the 
'"^^casure  with  the  stopcock  of  the  water  vessel.  An  ordinary 
^Hiemical  thermometer  is  provided  for  taking  the  temperature  of 
*-^e  water. 

'•The  pipe  supplying  gas  to  each  meter  is  provided,  near  the 
*^etcr,  with  a  three-way  stopcock  carrying  a  short  branch  pipe,  so 
*Vjrmed  that  it  either  connects  the  gas  supply  only  with  the  branch 
P>ipe,  the  meter  only  with  the  branch  pipe,  or  the  gas  supply  with 
t.hc  meter,  in  which  latter  case  the  branch  pipe  is  cut  off  from  both. 
*rhe  index  of  the  tap  shows  which  communication  is  open.  In 
^>rder  to  avoid  sending  the  gas  used  in  proving  the  sulphur  meter 
t-hrough  the  sulphuretted  hydrogen  and  ammonia  apparatus,  a 
Sieparate  gas  supply  is  provided.  The  branch  pipe  is  so  shaped  as 
to  be  convenient  for  the  attachment  of  an  itidia-rubber  tube. 

**  In  order  to  put  the  instrument  in  adjustment  the  water  vessel 
5s  placed  upon  the  upper  shelf,  the  water  is  poured  into  it  until  it 
rises  about  one-quarter  of  an  inch  in  the  upper  narrow  lube.  One 
branch  of  the  glass  T  is  then  connected  by  an  india-rubber  pipe 
■with  the  branch  of  the  three-way  stopcock.  This  is  now  turned 
so  as  to  connect  the  branch  pipe  with  the  gas  supply,  and  the 
vrater  vessel  is  placed  on  the  lower  shelf.  The  water  will  run  back 
into  the  vessel.  The  flow  should  cease  when  the  water  has  just 
begun  to  descend  in  the  lower  tube  ;  if  not,  the  height  of  the  lower 
shelf  must  be  adjusted  until  this  is  the  case. 

"  The  space  above  the  upper  mark  is  always  filled  with  gas,  and 
that  below  the  lower  mark  with  water,  so  that  the  capacity  of  these 
portions  of  the  instrument  has  no  effect  upon  the  measurements. 
The  narrow  tubes  are  so  small  that  a  variation  of  even  an  inch  of 
the  level  at  which  the  water  stands  in  them  has  no  appreciable 
effect  upon  the  meter  reading. 
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**  The  apparatus  shall  only  be  used  in  proving  a  meter  when  the 
Icmpcrature  of  the  meter  and  of  the  water  in  the  water  vcssc! 
have  been  found  not  to  differ  by  more  than  2"  Kahr, 

'•  In  order  to  prove  the  meters  used  in  the  various  testing^s,  the 
position  of  the  index  is  taken  when  the  instrument  has  been  put  in 
adjustment  and  filled  with  g-as  as  described.  The  tap  of  the  water 
vessel  is  turned  off,  and  the  pressure  of  the  gas  in  the  instrument 
reduced  to  atmospheric  pressure  by  momentarily  opening  the  tap 
in  the  free  branch  in  the  glas>i  T-  The  water  vessel  is  placed  upon 
the  upper  shelf,  its  tap  turned  on,  and  one-twelfth  of  a  cubic  foot 
of  gas  is  discharged  through  the  meter.  Fig.  162  represents  this 
operation  in  progress.  The  three-way  stopcock  is  then  turned  so 
as  to  fill  the  instrument  with  gas,  which  is  reduced  to  atmospheric 
prei^sure  as  before,  and  a  second,  and  again  a  third  ciuantity  is 
discharged  through  the  meter.  Should  the  hand  attached  to  the 
axle  of  the  measuring  drum  have  travelled  in  the  three  revolutions 
as  much  as  one  division  beyond  ihe  poiiU  from  which  it  started, 
some  water  must  be  removed  from  the  meter  ;  if  the  travel  of  the 
meter  hand  is  as  much  as  one  division  short  of  this  point,  some 
water  must  be  poured  in.  The  operation  is  then  to  be  repeated 
until  the  error  is  found  to  fall  within  the  specified  limits." 

ILLUMINATING  POWER. 

For  testing  the  illuminating  power  of  gas  in  accordance  with 
the  general  statutory  provisions,  the  Bunsen  photometer  is  used  ; 
and  the  Lelheby-Bunsen  (Fig.  163)  or  the  Evans  enclosed  form  of 
the  apparatus  is  that  generally  adopted. 

The  standard  candle  is  a  sperm  candle,  six  of  which  weigh 
1  lb.,  and  each  burns  :2o  grs.  of  sperm  per  hour. 

The  gas  is  supplied  through  an  experimental  meter,  and  burns 
at  one  end  of  a  graduated  bar,  and  the  candle  at  the  other  ;  a 
movable  disc  of  prepared  paper  being  placed  between  the  two. 

This  disc,  which  is  contained  within  a  sliding  box  or  carriage, 
fitted  with  two  reflectors,  is  moved  between  the  two  lights  until  its 
opposite  sides  are  equally  illuminated,  whereupon  the  illuminating 
power  of  the  gas  is  read  off  by  the  operator  on  inspection  of  the 
figures  on  the  graduated  bar. 

The  bar  is  graduated  in  accordance  with  the  law  that  lights 
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»vhich  equally  illuminate  an  object  arc  to  each  other  as  the  square 
of  t-heir  distance  from  such  object.  Thus,  assuminj^  that  the 
distance  from  th*;  disc  to  the  gas  flame  is  80  in.,  and  to  the  carulle 
flairie  jo  in.,  then  8o-  — 6400,  and  jo-- 400,  or  as  16  to  1,  the 
illuminating  value  of  the  gas  as  compared  with  the  candle. 

The  following  apparatus  are  also  required,  viz.  :  A  governor  to 
rejKj"ijlate  the  gas  pressure  ;  a  clock  striking  every  minute;  a  King's 
pressure  gauge  ;  a  candle  balance  and  weights  ;  a  thermometer 
and    a  barometer. 

The  apparatus  is  arranged  and  fixed  on  a  substantially  made 
t2iV>le,  placed  in  the  photometer  room.  This  room  may  be  con- 
veniently made  about  10  or  12  ft.  square,  and  should  be  ventilated  ; 
but    currents  of  air  which  would  affect  the  steadiness  of  the  gas  and 


ca.r»cile  flame  must  be  guarded   against.     Provision    is    made 
^^tcr-l  ude  the  daylight  ;  and  the  walls  are  coloured  a  dull  black. 


to 


^^^^.^tUory  Regttlatwns  for  Tcsihig-  the  IllumitMting  Power  of  Gas, 
"The  provisions  in  Schedule  A  of  the  Gas-Works  Clauses  Act, 
^^V  3,  in  regard  to  the  apparatus  for  and  the  mode  of  testing  the 
''■VAminating  power  of  gas,  are  as  follows  : — - 

Reffiiliilions  in  respect  of  Tvsfinff  Apptintius, 
•*The  apparatus  for  testing  the  illuminating  power  of  the  gas 
^■^s*.l|  consist  of  the  improved  form  of  Bunsen's  photometer,  known 
**^s  I_^theby's  open  60-inch  photometer^  or  Evans's  enclosed  loo-inch 
PHotometer,  together  with  a  proper  meter,  minute  clock,  governor, 
l~*'*^ssure  gauge,  and  balance. 

"The  burner  to  be  used  for  testing  the  gas  shall  be  such  as 
^^a.11  be  prescribed. 

•'  The  candles  used  for  testing  the  gas  shall  be  sperm  candles  of 
^'X  to  the  pound,  and  two  candles  shall  be  used  together." 
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Mode  of  Testing  for  lUuminating  Power, 

•*The  gas  in  the  photometer  is  to  be  lighted  at  least  fifteen 
minutes  buforc  the  testings  begin,  and  it  is  to  be  kept  continuously 
burning  from  the  beginning  to  the  end  of  the  tests. 

*'  Each  testing  shall  include  ten  observations  of  the  photometer, 
made  at  intervals  of  a  minute. 

**The  consumption  of  the  gas  is  to  be  carefully  adjusted  to 
5  cub.  ft.  per  hour. 

*' The  candles  are  to  be  lighted  at  least  ten  minutes  before  begin- 
ning each  testing,  so  as  to  arrive  at  their  normal  rate  of  burning, 
which  is  shown  when  the  wick  is  slightly  bent  and  the  lip  glowing. 
The  standard  rate  of  consumption  for  the  candles  shall  be  uogrs. 
each  per  hour.  Before  and  after  making  each  set  of  ten  observa- 
tions of  the  photometer,  the  Gas  Examiner  weighs  the  candles  ; 
and  if  the  combustion  shall  have  been  more  or  less  per  candle 
than  I  JO  grs.  per  hour,  he  shall  make  and  record  the  calculations 
requisite  to  neutralize  the  effects  of  this  difference, 

•'  The  average  of  each  set  of  ten  observations  is  to  be  taken  as 
representing  the  illuminating  power  of  that  testing." 

The  disc  used  in  the  photometer  is  either  the  Leeson  or  the 
Bunsen  disc.     The  chimneys  should  be  cleaned  daily. 

The  rate  of  burning  of  the  gas  in  each  burner  should  be  5  cub, 
ft.  per  hour— a  rate  of  consumption  which  is  shown  by  the  long 
hand  of  the  meter  making  exactly  one  revolution  per  minute  for 
several  minutes  consecutively. 

Instead  of  weighing  the  candles,  the  Examiner  may  observe 
the  time  in  which  40  grs,  are  burnt.  This  should  not  exceed 
io*5  or  fall  short  of  9*5  minutes. 

At  the  time  of  each  testing  the  Examiner  observes  and  records 
the  temperature  of  the  gas  as  shown  by  the  thermometer*! 
attached  to  the  meters,  and  also  the  height  of  the  barometer. 
The  volumes  of  the  gas  operated  upon  during  the  testings  may  be 
corrected  from  these  data  (the  standard  of  comparison  being,  for 
the  barometer  30  in.,  and  for  the  thurmometer  60  deg.)  by  means 
of  the  Table  B  {ante).  Suppose,  for  example,  the  thermometer 
stands  at  54  deg.,  and  the  barometer  at  30*3  in.  :  multiply  the 
quantity  of  gas  consumed  by  the  corresponding  tabular  number — 
the  product  will   be  the  corrected  volume  of  the  gas — /.r.,   the 
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volume  the  gus  would  have  occupied  when  measured  over   water 
at  the  standard  temperature  and  pressure.     Thus  : 

Volume  of  gas  consumed     ....     5  cub.  ft. 
Tabular  number  for  barometer  and  thermometer  1*025. 
Then  1*025  x  5  =  5*  125,  the  corrected  volume. 
Instead  of  thus  correcting  the  volume  of  gas  consumed,  the 
sa.me  object  may  be  attained  by  dividing  the  observed  illuminating 
poiver  by  the  tabular  number. 

'The  calculations  for  working  out  the  corrections,  &c.,  for  the  illuminating  power 
of  the  gas  proceed  in  the  following  manner :  Add  the  observations  together,  and 
divide  the  sum  by  10  to  get  the  average  ;  then  as  two  candles  are  used,  multiply  by 
2,  to  get  the  illuminating  power  of  the  gas  if  tried  against  one  candle.  Then,  as  the 
staLn<lard  rate  of  the  consumption  of  the  candles  (viz.,  120  grs.)  is  to  the  average 
number  of  grains  consumed  by  each  per  hour,  so  is  the  above -obtained  number  to 
the  actual  illuminating  power.  Finally,  the  correction  for  temperature  and  pressure 
is  nia<ie  by  dividing  the  illuminating  power  by  the  tabular  number.  For  example 
(talcing  the  tabular  number  as  1*025) — 

Observations — 

1st  minute — 7*8  Consumption  of  the  2  candles  in 


2nd 

n 

7*8 

10  minutes,    - 

3rd 

81 

=  41  grains. 

4th 

,, 

8-2 

3 

5th 

1» 

8-3 

6th 

»• 

8-5 

i23  =  consumption  of  i  candle 

7th 

)t 

8-6 

per  hour. 

8th 

»» 

8-4 

9th 

)» 

8-3 

loth 

10 

8-6 

082 -6 

Average,  by  2  candles 

=  8-26 

2 

Average,  by  i  candle=  16*52 
Consumption      by      i|   ,33  grains, 
candle  per  hour        j       -^  * 


Standard    con- 
sumption 
Correction    for 


4956 
3304 
1652 

120)203196 


temp.  &pres.   i025)i6933(i6*5  =  correcied  ilium,  power  in 
1025  candles. 

6683 
6150 


»3 


5330 
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The  foregoing  calculation  csin  be  shorlened  as  follows  :— 
Average,  l)y  2  candles  .         .  .      =8*26 

Consumptioa  liy  2  candles  in  ten  niinutes  41  groins. 

826 
3304 

2)J3866 

Tabular  number       .        ,       1025)16933(16*5 ^corrected   ilium,    \ioyvct    in 

1025  candles. 

6683 
6150 

S330 
Rule  for  Photometer  Table  on  next  Page. — Multiply  the 
number  standing  beneath  the  number  of  g^rains  consumed  by  the 
candle,  and  opposite  the  number  of  feet  consumed  by  the  gas- 
burner,  by  the  illuminating  power  as  read  off  from  the  scale  of  the 
photometer  ;  the  product  is  the  correct  value  of  the  gas  reduced 
to  the  standard  of  120  grs.  per  hour  and  5  cub.  ft.  per  hour. 

THE  AERORTHOMETER. 

The  aerorthometer  (Fig.  t64)  invented  by  Mr.  A.  Vernon 
Harcourt  is  an  ingenious  instrument  for  correcting  the  obser\'ed 
volume  of  any  portion  of  gas  to  its  normal  volume  —  i.e.,  the 
volume  it  would  have  under  standard  conditions  of  temperature 
and  pressure.  A  reading  of  this  instrument  furnishes  a  number 
expressing  the  ratio  between  the  observed  and  the  normal,  or 
corrected,  volumes  of  any  gas,  and  serves  instead  of  reading  a 
barometer  and  thermometer  and  calculating  or  referring  to  a 
table. 

It  consists  of  a  bulb  and  stem,  like  a  thermometer,  containing 
air  enclosed  over  mercury.  The  mercury  stands  at  a  certain 
height  in  the  stem,  and  rises  and  falls  as  the  enclosed  air  contracts 
or  expands  with  changes  of  temperature  and  atmospheric  pressure. 
The  volume  of  the  air  is  read  off  by  means  of  a  scale  engraved  on 
the  stem  and  on  the  wood  behind  it.  Each  degree  of  the  scale 
marks  a  portion  of  the  stem  whose  capacity  is  one-thousandth 
part  of  the  volume  of  the  enclosed  air  when  under  a  pressure 
of  30  in.  of  merctiry  and  at  a  temperature  of  60'  Fahr.  The 
line  at  which  the  mercury  stands  under  these  conditions  is  figured 
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■                                PHOTOMETER  TABLE,                                  fl 

Vaicnlated  for  One  Candle,     {Sugff.)*                                                      1 

1 

Con.     1 

■ompticni 

Orninf  per  Hour  ConsunKxl  by  the  Sperm  CAudle.                                                 1 

olUaa 

1 

^^m 

Feet  per       ,,_ 
Hoar.         liO 

lU           113 

113            114 

115 

116 

117 

118          ^M 

■          4*5      1-01351 

1-02777 

1-08703 

1-04629 

1* 05665 

l-0fiJ81 

1-07407 

1*08333 

I  ■O£*"2o9 

™          4-6 

•99637 

1-00543 

1*01449 

1 -0-2355 

1-03^0 

l-{Hlfi6 

1-05072 

I  05978 

1-0<V^4 

4-7 

■97517 

■98404 

-99290 

1-00177 

1  01063 

I  01950    l-02B3«i 

1  03723 

I  GiHoa 

_         4-8 

•95486 

•96364 

•  97-22-2 

-96091) 

■9S958 

■99^26    1-00694 

1  -01562 

1- 02430 

K 

■93587 

•94387 

•952-^ 

-96068 

-96938 

■97789 

-98689 

■99489 

1-00340 

■        6-U 

•9ir,66 

•a-ilOO  1   •  93333 

'94166 

-96000 

•95833 

•96666 

•97499 

-9h:U8 

■ 

•89869 

-90686      -91503 

•92320 

-93137 

-93954 

•94771 

•95588 

■90406 

■      a-3 

•88141 

•88943     -89743 

-90544 

•91346 

■92147 

•9-2M8 

■93760 

94551 

■         6-3 

■86477 

■87264 

•88060 

-88836 

-89622 

■90408 

•91194 

-91981 

■92767 
■91040 

6-4 

•84876 

'86648 

•66419 

•87191 

•87062 

•88784 

'89600 

•90277 

6-5 

■flaws 

-84090 

-84848 

•85606 

•H6363 

87121 

■87878 

-88630 

■89393 

H        Oon- 

^B  mmptlon 

OfAlni  per  Hour  Consumed  by  the  Sperm  CAndlo.                                           1 

I 

^      Feet  per 
Hour. 

119       ,     130 

121 

122 

128 

124             126 

126           127                   1 

4-6 

1-10186   l-iUU 

1-12037 

1- 12963 

I  13888 

1  14S14  11-15740    116666 

1-17692               1 

4-0 

1-07783    10eOV»6 

1-09601 

1-10607 

111413  Il-r2318 

1-13224  !1-I41d0 

1- 16036        J 

4-7 

1-064%    1- 06383 

I -07269 

i-06ir.fl 

r(J'.XM2 

1-09929 

1-10816    1-11702 

1-125H8       ^M 

4H 

l'09'29a   1-04166 

I  06034 

1-O50O2 

I0t;770 

1-07688 

1-08506    1  00375 

!•  10243       ^H 

4-9 

1-01190   1  0-2040 

1-02391 

1-03741 

1-0451)1 

1-05442 

106292    107142 

107993      ^M 

GO 

•99166 

1-OOOO'J 

1  00833 

I -01666 

I  02499 

1-03333 

1-04166    1  04999 

1-06632      ^M 

fi'l 

'97922 

•98030 

•98»5ti 

•l>0673 

rOtl'.'O 

1-01307 

102124    10-294I 

1*03768       ^H 

52 

•953633 

•96153 

■96955 
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accordingly  looo  ;  and  any  other  reading  of  the  instrument,  at  a 
different  pressure  or  temperature,  gives  the  volume  to  which  Ihe 
thousand  volumes  have  been  expanded  or  contracted.  A  small 
drop  of  water  having  been  passed  into  the  bulb,  the  expansion 

caused  by  a  rise  of  temperature 
g*(l|\  includes  that  due  to  the  increased 

l'^2SX  tension  of  aqueous  vapour. 

1^-^  In  order   that  the  volume  of 

I  iPP  ^^^  enclosed  in   the  bulb  of  the 

aerorthometer  may  be  measured 
under  tlie  atmospheric  pressure, 
a  second  tube  is  placed  by  the 
side  of  the  graduated  stem,  which 
is  of  the  same  calibre  and  con- 
nected with  the  same  reservoir 
of  mercury,  but  open  above.  By 
the  pressure  of  a  screw  upon  the 
leathern  top  of  the  reservoir,  the 
mercury  is  raised  in  both  tut>es ; 
and  when  the  mercury  stands 
at  the  same  level  in  both,  the 
enclosed  air  is  under  the  at- 
mospheric pressure.  By  being 
painted  white,  the  bulb  is  pro- 
tected from  the  action  of  radiant 
heat. 

Since  the  volume  of  any  por- 
tion of  gas  contained  in  a  holder 
or  passing  through  a  meter  near 
which  an  aerorlhometer  is  placed, 
bears  the  same  relation  to  the 
volume  the  gas  would  occupy 
under  standard  conditions  as  the 
volume  read  on  the  stem  of  the 
aerorthometer  bears  to  looo,  the 
figures  expressing  the  corrected  volume  of  the  gas  may  be 
obtained  by  multtplying  the  observed  volume  by  looo,  and  divid- 
ing it  by  the  aerorthometer  reading.  Thus,  If  u  represents  the 
number    read  upon  the  instrument,  v  the   observed    volume    or 


ic    or 
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rate  of  passa^^e  of  the  gas,  and  V  the  corrected  or  normal  value, 

then  V  =  z'— —  . 
n 

The   instrument   must   stand   or   be   suspended    in  a  vertical 

position  near  the  meter  or  holder  whose  registration  it  is  to  be 

used  to  correct.      To  make  a  reading,  the  screw  is  to  be  turned  (if 

necessarj')  until  the  mercury  stands  at  a  lower  level  in  the  open 

tube  than  in  that  which  is  graduated.     Then  the  screw  must  be 

turned  slowly  in  the  opposite  direction  until  the  mercury  is  exactly 

level   in   both   tubes.      The   level   of  the   mercury   read   upon   the 

graduated  tube  gives  the  required  number. 


FOREIGN  AND  OTHER  (PROPOSED)  HOME 
STANDARDS  OF  LIGHT. 

The  sperm  candle  has  long  been  considered  an 
unsatisfactory  standard,  owing  chiefly  to  the  shade 
of  colour  emitted  by  it  diflTerlng  somewhat  from  that 
of  the  gas,  and  the  inequality  of  its  rate  of  con- 
sumption. 

Various  standards  of  light  have  been  advocated 
from  time  to  time  to  supersede  the  candle. 

The  Carcel  lamp  is  the  standard  in  Trance  ;  the 
light,  equal  to  9*6  standard  sperm  candles,  being  pro- 
duced by  purified  colza  (rape)  oil,  burning  at  the  rate 
of  648  grs.  per  hour.  The  upper  portion  of  this  lamp 
is  shown  in  section  in  Fig.  165,  and  the  dimensions 
of  its  various  parts  are  as  follows:  — 

External  diameter  of  burner    .  .        '9055  inches 

Internal  diameter  of  air  tube  .  '6692      ,, 

External  diameter  of  air  tube  .  .  1*7912  ,, 
Total  length  of  chimney  .  .  .  1 1  '4 1 70  , , 
length  from  base  to  neck  of  chimney  2-4015  ,, 
External  diameter  of  chimney  at  level 

of  neck 1*8503 

External  diameter  of  chimney  at  top  i  "3385  , , 
Mean  thickness  of  the  glass    ,  .        '0787      .1 

The  wick  used  is  that  known  as  '*  lighthouse 
wicic,"   and  the  plait  ib  composed  of  75  strands;   a     l'^'*  '^5 
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piece  4  in.   long  weighing  55*5  grs.     When  the  consumption  o 
oil  is  less  than  586  grs.,  or  exceeds  710  grs.  per  hour,  the  trial  is 


The  German  normal  paraf— ^ 
fm  candle  is  equal  to  i*os^^^  5 
standard  sperm  candles.  1X9  ^^ 
has  a  diameter  of  20  mm.w  -^M 
and  is  made  of  the  purest*"  -^=»' 
possible  paraffin,  with  an  ad—  tJ* 
dition  of  2  per  cent,  of  stearine.—  -^3:^ 
Its  wick  is  of  24  cotton*'"*  ^" 
threads  plaited  as  uniforml)'*''^.  *? 
as  possible. 

The  Hefner- Alteneck  unit^*  •  *' 
equals  o'88  standard  sperm  *~*  '" 
candle,  being  the  illuminating  "^IJ^feS 
power  of  a  freely  burning 
(lame,  in  still,  pure  air,  sup- 
plit'd  by  a  section  of  solid  wick 
and  fed  with  >imyl-acetate  ;  the 
wick  tube  being  circular  and 
of  German  silver,  measuring 
8  mm.  internal  and  8*3  mm. 
external  dijimelcr,  and  25  mm. 
high  ;  tlie  llame  being  40  mm. 
high,  measured  from  the  edge 
of  the  wick  tube,  at  least  ten 
minutes  after  lighting  the  lamp. 
Mr.  Keates  invented  a  moderator  lamp  consuming  sperm  oil 

and  yielding  a  light  equal  to  10  and  16  sperm  candles,  with  different 

slots,  which  he  advocated  as  a  suitable  standard. 


Kk:.  166. 


The  most  ingenious  standard  proposed  is  that  of  a  portion  of 
the  gas  flame  itself.  The  credit  of  the  conception  is  shared  by 
both  Mr.  Fiddes  and  Mr.  John  Methven. 

In  the  course  of  his  photometrical  observations,  Mr.  Fiddes 
found  that  if  a  circular  hole  about  J  in.  diameter  were  made  at  a 

f^iven  height  in  an  opaque  chimney,  and  this  placed  over  an  argand 
flame  in  lieu  of  the  usual  glass  chimney,  the  amount  of  light  pass- 
ing through  the  hole  was  a  constant  quantity,  notwithstanding 
variations  in  the  illuminating  power  of  the  gas. 

Mr.  Methven's  researches  led  him  to  a  similar  conclusion  ;  his 
later  experiments  showing  that  the  amount  of  light  (equal  to  two 
standard  candles)  passing  through  a  slot  i  in.  long  and  ]  in, 
wide,  in  an  opaque  screen,  is  constant  with  gases  ranging  from 
15  to  20  candles  power  ;  and  that,  when  either  common  or  cannel 
gas  is  carburetted  with  gasoline  (light  petroleum  spirit,  boiling 
point  below  120  Fahr.),  the  amount  of  light  yielded  by  a  flame 
3^  in,   long  is  constant,  whatever   the  illuminating  power  of  the 

»gas  employed.  As  the  result  of  this  latter  discovery,  Mr.  Methven 
uses  a  shorter  and  wider  slot  for  Che  carburetted  gas.  Fig.  166 
shows  the  Methven  standard  with  the  long  and  short  slots  com- 
bined on  the  same  slide  for  the  ordinary  and  carburetted  gas 
H  respectively.  Fig.  167  shows  the  carburettor  fitted  with  bye-pass 
™  arrangement,  so  that  when  connected  to  the  gas  pipe  supplying 
the  Methven  standard,  either  ordinary  gas  or  carburetted  gas  may 
be  used. 

In  the  first  pentane  standard  of  Mr.  A.  Vernon  Harcourt,  the 
gas  employed  for  producing  the  light  is  a  mixture  of  air  with  that 
portion  of  American  petroleum  which,  after  repeated  rectification, 
distils  at  a  temperature  not  exceeding  122'  Fahr.  Burning  at  the 
rate  of  ^  a  cubic  foot  per  hour,  this  gas  gives  a  flame  which  yields 
a  light  equal  to  that  of  the  standard  candle. 

Mr.  Harcourt  devised  a  new  pentane  standard  lamp  on  a 
different  principle  to  that  above  referred  to,  in  which,  instead  of 
a  mixture  of  pentane  and  air,  pentane  only  is  burned.  The  lamp, 
shown  in  Fig.  168,  resembles  an  ordinary  spirit  lamp,  with  the 
chimney  added  to  keep  the  flame  steady  and  raise  the  temperature 
of  combustion.  A  wick  is  employed,  not,  as  in  the  ordinary  lamp, 
at  the  point  of  ignition,  but  several  inches  from  it  ;  its  use  being 
to  convey  the  liquid  pentane  by  capillary  action  to  the  part  of  the 
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tube   where   volatilization   of   the   pentane   takes    place    by    ti — ^me 
warmth    conducted   downwards    from    the    flame.       The  wick  is 

enclosed  in  a  tube  jacketed  by  anoth^^»-€f, 
tube  to  produce  a  steady  temperatur  — e^ 
and  this  again  is  covered  by  the  larg  cr 
lube  with  the  contracted  upper  end,  ^=^ 
shown.  The  chimney  is  movable  for  a  ■<]. 
justment  at  any  required  height. 

To  put  the  lamp  in  action,  first  remo — ^e 
the  lower  tube,  and  having  warmed  l^^Bic 
inner  lubes,  light  the  pentane  vapour,      -as 
it  rises  in  the  smaller  one.     Put  on  t  Ifte 
large   tube   with  the  chimney   attach^=^<l, 
and  the  top  of  the  flame,  on  raising  t_  "lie 
wick  slightly,  will  pass  into  the  chimne^3'. 
Two    narrow    slots    are    cut    in    tz.  Tie 
chimney  on  opposite  sides,  so  that  the   "^ip 
of  the  flame  is  visible  through   either        of 
ihem.     When    the   chimney    is    set  atz    a 
definite  height  above  the  lower  tube,  £■-  iid 
the  flame  is   adjusted  so   that   its    tip        is 
between  the  upper  and  lower  limits  of '•^  he 
slots,    the    centre    portion    of   the    fla-  «Tie 
appearing  between  the  lower  tube  and  the 
chimney  gives  a  definite  quantity  of  lig'lil. 
The    lo-candlc    f>entane   Argand    was 
the  result  of  the  combined  efforts  of  Mr. 
A.  Vernon  Harcourt  and  Mr.  Dibdin,  stnd 
was  recommended  to  Parliament  in   1895 
by  The  Standards  of  Light   Committee, 
^t.jjEn=:__^^^  as  a  trustworthy  standard  for  official  use 

1_ ^  ^^Kssaa   *"    testing     the    illuminating     power   o( 

^2i^^— i^SB^LIjr   ^***^   S^^    supplied    by    the     London    Gas 
^^  W     Companies. 

p,o_  ,5g  "         A  description  of  Mr.  Dibdin's  appar- 

atus, Fig.  169,  is  given  in  Section  IX.  of 
the  appendix  of  the  Committee's  Report  as  follows:-^ 

The  apparatus  used  in  producing  this  standard  consists  of  two 
separate  portions — viz.,  the  burner  and  the  carburettor. 


I 
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The  burner  is  a  specially  constructed  tricurrent  Argand  burner, 
^le  annular  steatite  ring  being"  perforated  with  42  holes»  each  hole 
>elngo*7i  mm.  in  diameter.  The  three  air  currents  are:  (1)  The 
sntral  current  rising  inside  the  steatite  to  the  inner  portion  of  the 


S    lO-CANni.E    I'KNTANIC   AROAND. 


Number  of  holes 

Diameter  of  holes 

Inside  diameter  of  steatite 

Outside  diameter  of  steatite 

Diameter  of  inside  of  mctel  cone  at  lop 

Chimney.  length  .... 

,,        In-sidc  diametcf 3^*'^ 

Height  of  cut-off 54*6< 


42 
071  mm. 

990 

19-05 

23-62 

15240 


0-390 

=0750 
=0-930 

:6-000 
1*500 
:2'I50 
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Rame  ;  (2)  a  current  rising  outside  the  steatite,  and  caused 
impinge  upon  the  flame  by  an  inner  metal  perforated  and  incurved 
cone,  the  top  of  which  is  level  with  the  top  of  the  steatite. 
(3)  An  outer  current  rising  on  the  outside  of  the  above  cone,  and 
between  that  cone  and  the  glass  chimney.  The  inner  perforated 
cone  is  punctured  with  ten  apertures,  0*^5  in.  in  diameter,  which 
are  provided  for  the  purpose  of  equalizing  the  two  outer  currents 
of  air  as  may  be  required  to  suit  the  height  of  the  flame. 

The  glass  chimney  is  carried  in  the  groove  provided  on  the 
outer  cone,  which  answers  the  purpose  of  a  gallery,  the  dimen- 
sions of  the  chimney  being  6  in.  high  and  ij  in.  inside  diameter. 

The  centre  of  tlie  flame  to  be  immediately  over  the  terminal  of 
the  photometer  bar. 

The  top  of  the  flame  should  be  maintained  as  nearly  as  pos- 
sible at  3  in.  above  the  steatite,  this  point  being  indicated  by  the 
wires  crossing  the  blue  glass  screens  carried  on  each  side  of  the 
burner  on  the  metal  supports.  The  flame  is  steadied  by  the  small 
air-directing  cone  situated  centrally  beneath  the  steatite,  the  apex 
being  0*03  in.  below  the  metal  support  carrying  the  steatite. 

On  the  side  of  the  burner  to  be  presented  to  the  photometer 
disc,  a  metal  screen  8j  in.  in  height  is  placed  and  screwed  securely 
to  the  base-plate.  The  middle  portion  of  this  screen  is  cut  away 
so  as  to  leave  above  the  top  of  the  steatite  burner  an  opening 
2"i5  in.  in  height  and  1*4  In.  in  width,  the  lower  portion  of  this 
opening  being  exactly  level  with  the  top  of  the  steatite.  The  light 
emitted  horizontally  through  this  opening  by  the  flame  produced 
by  the  combustion  of  the  gaseous  mixture  of  atmospheric  air  and 
pentane,  formed  in  the  carburettor  described  below,  is  used  as  the 
standard  of  light.  It  is  equal  to  the  light  emitted  by  10  parlia- 
mentary sperm  candles. 

The  lower  portion  of  the  screen  has  an  opening  i  in.  wide  by 
2*3  in.  in  height,  to  allow  free  access  of  arr  to  the  under  portion 
of  the  burner. 

The  position  of  the  burner  in  relation  to  the  photometer  disc  is 
to  be  fixed  by  the  burner  fitting  gas-tight  into  a  faced  joint  attached 
to  the  photometer  at  the  required  point  ;  and  the  burner  is  to  be 
set  at  such  a  height  that  the  centre  of  the  illuminated  disc  and 
the  bottom  edge  of  the  cut-off  shall  be  in  the  same  horizontal 
plane.     The  length  of  the  connection  between  the  burner  and  car- 
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^Uretlor  may  be  varied,  but  should  not  be  more  than  5  ft.  The 
^*:ntre  of  the  flame  is  to  be  immediately  over  the  terminal  point  of 
^'^e  photometer  bar. 

The  carburettor  for  the  lo-cundlc  pentane  Argand  consists  of 
^  circular  vessel  constructed  of  tinned-plate,  203*2  mm.  (8  in.)  in 
diameter  and  50*8  mm.  (2  in.)  in  depth,  having  a  spiral  division 
-*5*4  mm.  {i  in.)  in  width.  This  division  is  made  by  soldering  a 
**trip  of  metal,  4  ft.  5  in.  in  length  and  2  in.  wide,  gas-tight,  to 
^he  under  side  of  the  top  of  the  carburettor;  so  that  when  the  top 
*5s  fixed  on,  the  bottom  of  the  strip  comes  close  to  the  bottom  of  the 
v-cssel,  and  is  sealed  by  the  pentane  ;  thus  the  air  has  to  pass  over 
I^entane  for  a  distance  of  about  4  ft.  b  in.  and  becomes  thoroughly 
^saturated.  At  the  end  of  the  spiral  division,  near  the  side  of  the 
carburettor,  a  bird  fountain  is  fixed  for  charging  the  carburettor, 
^nd  keeping  it  charged  at  a  constant  level  with  liquid  pentane. 
The  lower  end  of  the  liquid  fountain  tube  is  closed,  and  rests  upon 
the  bottom  of  the  tank.  Through  the  side  of  the  tube,  which  is 
o*4  in.  (io*r  mm.)  in  diameter,  lO  holes,  1  mm.  in  diameter,  are 
bored  close  to  the  bottom,  and  through  these  the  pentane  enters 
:he  carburettor.  At  the  inside  of  the  intet  tube,  i  in.  from  the 
»wer  end,  a  small  tube,  3  mm.  in  diameter  and  20  mm.  in  length, 
^s  connected  thereto  and  turned  upwards.  The  fountain  inlet 
tube  is  carried  up  through  the  top  of  the  carburetti>r»  and  con- 
tinued in  the  form  of  a  bulb  having  a  capacity  of  about  200  c.c. 
Stopcocks  are  provided  at  the  top  and  bottom  of  the  bulb,  for 
convenience  in  filling  with  pentane  ;  and  the  portion  above  the 
upper  stopcock  is  opened  out  in  a  funnel  shape  for  the  same  pur- 
pose. When  the  carburettor  is  being  charged,  the  gas  must  be 
extinguished  to  avoid  the  risk  of  the  vapour  firing  and  causing  an 
explosion. 

The  inlet  for  gas  or  air  is  at  the  side  of  the  carburettor  and  at 
the  terminal  of  the  spiral  division,  the  outlet  being  placed  in  the 
centre  of  the  vessel  so  that  the  air  or  gas  may  Irave!  over  the 
liquid  pentane  throughout  the  whole  length  of  the  spiral  division, 
and  thus  become  fully  charged  with  the  volatile  vapour  of  the 
^^,  pentane, 

^^h       When  using  this   standard   the   pentane   must    be    visible   in 
^^■the  fountain  bulb. 
^^L^^Mr.  A.  Vernon   Harcourt*s  lo-candle  pentane  lamp,  Fig.   170 


^; 
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(made  by  Alexander  Wright  &  Co.,  Limtted),  embodies  the  latest 
ideas  of  what  is  required  in  a  standard  of  light. 

The  following  are  instructions  for  putting  this  lamp  in 
action  : — 

Place  pentane  in  carburettor.  Sufficient  pentane  should  be 
poured  in  until  the  carburettor  is  about  5  full,  and  the  level  should 
not  be  allowed  to  fall  more  than  ^  in.   below  this  height.     The 

windows  in  back  and  front  of  car- 
burettor enable  this  height  to  be 
observed,  and  also  serve  as  a  means 
of  noting  that  the  lamp  is  level. 
Level  ting  feet  are  provided  to  enable 
the  lamp  to  be  set  absolutely  vertical. 
See  that  the  eduction  tubes  over  the 
burner  are  concentric  with  the  annular 
steatite  ring,  and  with  one  another. 
If  this  is  not  so,  the  flame  will  be 
ragged.  Adjust  the  inner  tube,  when 
cold,  so  that  the  bottom  of  this  tube  is 
47  mm.  above  the  steatite  of  the  burner, 
and  accurately  centred.  The  boxwood 
opening,  which  is  a  height  gauge, 
enables  this  to  be  done  with  facility. 
To  light  the  lamp,  open  the  two  stop- 
cocks and  fight  burner^  as  one  would  a 
gas  flame.  Let  the  flame  tail  right 
through  ihe  chimney  tube  for  a  few 
moments,  and  then  adjust  to  about 
h  in.  in  height  by  cither  of  the  cocks  ; 
the  air  currents  will  thus  be  set  going, 
and  the  central  air  supply  promoted. 

In  use,  the  flame  should  be  ad- 
justed so  that  the  mean  of  the  tips, 
looked  at  horizontally  through  the  talc 
window,  is  above  the  bottom  of  the  window,  and  does  not  reach 
the  crossbar.  Adjustment  is  made  by  either  of  the  taps,  but, 
where  convenient,  it  is  belter  to  use  the  small  cone  valve  (not 
shown  in  the  illustration)  on  the  inlet  cock,  as  by  this  the 
adjustment    can    be   made   without   approachi  ng   the    lamp    and 
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affecting^  the  regularity  of  the  air  currents.  The  carburettor 
should  be  placed  upon  the  bracket  as  far  from  the  central 
column  as  possible  ;  and  if,  after  the  flame  has  been  aliifht 
some  little  while,  it  shows  a  tendency  to  become  lower,  the 
carburettor  may  be  placed  nearer  the  central  column.  This 
latter  is  adjustable  as  to  height,  enabling  the  flame  to  be  set 
centrally  with  the  disc  or  photoped.  The  cone  which  is  placed 
round  the  flame  must  have  its  opening  in  the  direction  of 
the  disc  or  photoped,  and  its  interior  must  be  kept  well  lamp- 
blacked. 

The  lamp  must  be  lighted  for  ten  or  fifteen  minutes  before 
being  used,  and  occasional  observation  must  be  given  to  see 
that  the  height  of  the  flame  is  correct.  It  is  material,  in  using 
this  lamp,  that  movements  of  the  operator  in  the  photometer 
room  should  be  avoided  as  much  as  possible. 

The  penianc  must  never  Ik  poured  in  the  carhureftor  \^ivhen  it 
is  in  position)  if  the  lump  is  alight.  A  cover,  to  prevent  accumula- 
tion of  dust  on  either  burner  or  air  passage,  should  be  placed 
over  the  steatite  burner  when  the  lamp  is  not  in  use,  and  the 
carburettor  should  be  completely  emptied  from  time  to  time. 
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JET  PHOTOMETERS. 

The  three  following  instruments,  which  are  each  employed  to 
determine  the  illiiminating  value  of  gas,  though  only  approximately 
correct  in  their  indications,  are  yet  sufficiently  trustworthy  to 
render  them  useful  auxiliaries  to  the  more  absolute  methods  of 
testing  already  described. 

Their  .iction  depends  on  the  relation  which  the  specific  gravity 
of  the  coal  gas  bears  to  its  Illuminating  power.  The  flame  being 
kept  at  a  given  height,  the  pressure  required,  and  therefore  the 
rate  of  consumption,  will  vary  according  to  the  density  of  the  gas 
and  its  consequent  illuminating  value. 

These  instruments  are  not  of  use  when  there  is  a  mixture  of 
water  gas — blue  or  carburetled. 

The  Jet  Photometer. 

Lowe's  jet  photometer,  as  improved  by  Sugg  &  Kirkham 
(Fig,  171),  affords  a  ready  means  of  ascertaining,  by  a  momentary 
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inspection,  whether  the  gas  being  produced  is  uniform  in  quality 
*"•— 3^  The    apparatus   consists    of 

■  a  King's  gauge  of  delicate 

construction,  with  its  semi- 
circular scale  indicating  the 
pressure.  A  steatite  jet 
having  a  fine  orifice  is  fixed 
at  the  top  of  this,  and  the 
gas  issuing  therefrom,  and 
being  lighted,  gives  a  fiame 
which  should  be  constantly 
maintained  at  7  in. 

The  scale  shown  in  Fig. 
17a  is  for  gas  of  14  to  19 
candles  illuminating  power. 
The  same  scale  is  used  for  20, 
25,  or3ocandlegas,but  with 
a  different  jet  and  a  lesser 
consumption  per  hour,  the 
gauge  pointing  to  the  place 
where  tlie  figure  16  stands, 
butvvith  the  numbcrchanged 
to  20,  25,  or  30,  conforming  to  the  standard  quality  of  the  gas  that 
has  to  be  supplied  according  to  the  Special  Act  of  Parliament. 
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The  range  of  the  jet  is  necessarily  short.  It  is  correct  at  the 
&^uge  point,  but  with  a  slightly  increasing  error  on  the  numbers 
^bove  and  below — the  error  being  against  the  gas  in  going  up, 
^tid  in  favour  of  it  in  going  down.  This  is  due  to  variations  in 
^he  pressure^ — ^increasing  or  diminishing — at  the  point  of  ignition, 
\Vithin  the  degrees  marked  on  the  scale,  however,  thii;  error  is 
»iol  important. 

The  gas  tap  is  shown  on  the  right  side  of  the  instrument, 
iTie  small  cylinder  on  the  left  side  is  in  communication  with 
the  water  cistern  in  the  body  of  the 
^auge,  and  contains  a  compensator, 
%vhich,  on  being  screwed  up  or  down 
as  required,  adjusts  the  water-linei 
so  that  the  pointer  of  the  gauge 
stands  at  zero  when  the  gas  tap  is 
closed. 

Su^j^'s  Itlumtfmtin^  Power  Meter. 

.        This  instrument   is  shown  in   Fig. 

'  173,  and,  its  the  name  iiidlcates»  is 
used  for  ascertaining  the  illuminating 
power  of  gas.  The  mode  of  putting  it 
in  operation  is  as  follows:  Having 
filled  it  up  to  the  water-line  scratched 
on  the  glass  in  the  small  box  on  the 
right  side,  connect  it  to  the  gas  supply 
with  a  piece  of  metal  tube.  The  inlet 
is  a  ground  union  joint,  fixed  in  the 
centre  of  the  back  of  the  instrument. 
Turn  the  tever  so  as  to  make  the  gas 
pass  through  the  measuring-drum,  and  let  it  get  rid  of  all  the  air, 
or  other  kind  of  gas  in  it.  Light  the  burner  and  adjust  the  flame 
to  3  in.  in  height,  Ihen,  when  the  large  hand  arrives  at  16, 
change  the  position  of  the  lever,  so  as  to  make  the  gas  pass  to 
the  burner  without  going  through  the  measuring-drum.  The 
large  hand  will  then  stop  at  16.  Wind  up  the  clock  by 
means  of  the  remontoir  on  the  top  of  the  meter  just  in  the  rear 
of  the  dial  ring.  Start  the  clock  by  moving  the  slide  which 
'i^  on  the  left  of  the  meter,  close  to  the  governor.     Then,  when 
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the  hand  of  the  clock  is  passing  any  one  of  the  divisions  of 
the  minutct  change  the  position  of  the  lever  of  the  bye-pass»  so 
as  to  make  the  gas  pass  through  the  meter. 
When  the  hand  has  made  one  complete 
revolution^  stop  the  meter  by  means  of  the 
lever,  in  the  manner  before  described,  and 
read  off  the  illuminating  power.  The 
minute  clock  should  not  be  stopped 
cither  before  or  after  the  obser\'ation. 
unless  it  is  desired  to  put  the  clock  en- 
tirely at  rest. 
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Thorp  and  Tasker^s  Jet  P/wtometcr. 

This  is  an  ingenious  and  handy  in- 
striiment  (Fig.  174)  for  enabling  the 
illuminating  value  of  the  gas  to  be  ascer- 
tained from  inspection  at  any  time  and 
place.  It  is  well  understood  that  the 
quantity  of  gas  passed  in  a  given  time 
will  bear  a  proportion  to  the  size  of  the 
orifice,  and  further,  that  the  gas  flame 
\  being  maintained  at  a  given  height,  the 
quantity  of  gas  consumed,  and  the  pres- 
sure, will  vary  as  the  illuminating  power. 
A  movable  or  floating  disc  inside  the 
glass  tube  regulates  the  size  of  the  orifice, 
and  its  position  in  the  tube,  corre- 
sponding to  the  graduations  of  the  scale 
at  the  side,  indicates  the  illuminating 
value. 


VARIATIONS  IN  THE  ILLUMINATING  POWER 

OF  GAS. 

Most  gas  managers,  in  the  course  of  their  experience,  must 
have  observed  variations,  sometimes  considerable,  in  the  illum- 
inating power  of  their  gas,    for   which  they  have  been   unable 


satisfactorily  to  account.  These  variations  are  unquestionably 
due,  to  a  threat  extent,  to  changes  of  atmospheric  pressure. 
When  the  pressure  is  augmented,  the  luminosity  is  increased,  and 
vice  versa.  To  determine  this  point,  Dr,  Prankland  instituted  a 
series  of  important  experiments,  of  which  the  following  are  the 
results : — 


Pressure  of  Air  in  ( (Iwcrvcd 

Inches  of  Ntcrcur)'.  Illuniiiiuting  I'uwvr. 

30*2 lOO'O 

28'2 91  4 

26'-2 8o'6 

^^'^ 730 

22*2 61 '4 

ao'2 47'8 

i8-2 374 

i6*2 29*4 

142 I9» 

12*2 12*5 

IO-2 3*6 


^     rest 

■  The  diminution  of  luminosity  follows  a  fixed  and  definite  law, 

W  which  may  be  thus  expressed  :  The  decrease  in  illuminating 
power  is  directly  proportional  to  the  decreiise  of  atmospheric 
pressure.  Of  100  units  of  light  emitted  by  a  g-as  flame  burning 
in  air,  5'i  units  are  extinguished  by  each  reduction  of  1  mercurial 
inch  of  atmospheric  pressure.  On  the  other  hand,  if  a  lightless 
flame  be  made  to  burn  under  augmented  pressure,  it  becomes 
luminous.  The  chief  cause  of  the  difference  is  the  increase  in  the 
volume,  and  therefore  decrease  of  the  density,  of  those  heavy 
hydrocarbons  to  which  the  luminosity  of  a  gas  flame  is  attributed 
when  the  atmospheric  pressure  is  reduced,  and  vice  vers^. 

TABLE 

Sh&wing  the  Percentage  of  Loss  of  Light  by  Mixing  Air 
with  Coat  Gtis, 


I'ci  Cent. 

Loss  v(  LichL 

Pet  Cent. 

Loss  of  Liuht.            ^^M 

Air.                                Per  Cent. 

Air. 

Per  Lent.                 ^H 

1         ....      6 

8 

■ 

2 

.     ti 

9 

■ 

^ 

.     (S 

10 

■ 

4 

.    26 

>5 

H 

5 

.    33 

20 

H 

6 

44 

30 

H 

7 

.    SS 

40 

.  100                          ^^^ 

24 

m 

1 

370 


KEWBiac;iN<rs  handbook  for 


TABLE 

Compunnff  [approxunalcly)  the  Specific  Gravity  of  Gas  [Air  being 
1  'ooo)  "wiftt  the  Illuminating  Power  in  Standard  Sperrn  Candies, 


No.  of 

Spec. 

No.  of 

Spec 

No.  of                        Spec 

Cnrlls. 

Grav. 

Cndls. 

Grav. 

Cndls.                        Grav. 

10  equal  to  about    jSo 

20  equal 

to  aboui  -508 

30  cqiia!  to  about  -678 

II 

*392 

21 

•522 

31              M              "694 

12 

•405 

22 

•537 

32              „              -708 

i3 

•4J6 

23 

•550 

53             .»              722 

14 

•430 

24 

•565 

34        1    .,             738 

>5 

•443 

25 

•585 

35              ..              755 

16 

•455 

26 

•605 

36             »              775 

«7 

•46S 

27 

•635 

37               ..               '790 

18 

•482 

28 

•645 

'9 

•495 

29 

*66a 
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THE  SPECIFIC  GRAVITY  OF  GAS. 

Specific  Gravity  a   Test  of  Quality, 

If  coal  gas  is  free  from  carbonic  acid,  sulphuretted  hydrog-en, 
and  air,  specific  gravity  is  a  proper  lest  of  quality  ;  the  denser  it 
is,  the  greater  will  be  its  illuminating  power — increase  in  weight 
and  light-giving  property  being  due  to  the  presence  of  a  larger 
proportion  of  olefianl  gas  (ethylene)  and  the  other  richer  and 
heavier  hydrocarbons. 

OrditMty  Method  of  Dctertnining  the  Specific  Gravity. 

The  apparatus  required  in  determining  the  specific  gravity  of 
gas  are  a  thin  glass  globe  of  about  too  cub.  in.  capacity^  with  two 
stopcocks  on  opposite  sidesj  a  good  air-pumpj  and  a  very  delicate 
balance.  The  experimental  room  should  also  be  furnished  with  a 
barometer,  showing  the  atmospheric  pressure,  and  thermometers 
indicating  the  temperature  both  of  the  air  and  gas.  The  method 
of  manipulation  is  as  follows  : — 

First.  ~0^^\^  the  two  stopcocks  ;  the  globe  will  then  be  full  of 
air  at  the  atmospheric  pressure  and  temperature.  Carefully  weigh 
the  globe  while  in  this  state»  and  make  a  note  of  the  weight. 

Secomi.—Mx^ch.  the  globe  by  one  of  the  stopcocks  to  the  air- 
pump,  close  the  other  stopcock,  and  exhaust  it  as  perfectly  as 
possible.  Having  closed  the  stopcock,  remove  the  globe  and 
weigh  it  in  its  exhausted  state.     Suppose  that  it  now  weighs  31*5 
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grains  less  than  before,  then  these  31 -5  grains  represent  the  weight 
of  the  air  ;ibstracted. 

Thini. — Now  attach  the  globe  either  to  an  experimental  gas- 
holder or  to  a  gas-pillar  connected  by  a  pipe  to  the  main,  and  fill 
the  globe  with  the  gas.  When  full,  remove  it  and  weigh  it  a 
third  time.  Suppose  that  the  weight  is  now  i4"2  grains  more 
than  when  in  its  exhausted  state,  then  these  14*2  grains  represent 
the  weight  of  the  contained  gas.  Then,  as  31*5  (the  weight  of 
the  air)  is  to  14*2  (the  weight  of  the  gas),  so  is  i -000  (tlie  specific 
gravity  of  the  air)  to  the  specific  gravity  of  the  gas.  Or  divide 
the  weight  of  the  gas  by  the  weight  of  the  air,  and  the  quotient  is 
^m  the  specific  gravity  of  the  gas  ;  thus  : 

W  3t'5 

I 


•450,  specific  gravity  of  the  gas  compared  with 
air  as  unity,  or  i  'ooo. 


Dr.  Lctheby's  Method  of  Determining  the  Specific  Gravity » 

With  Dr.  Letheby's  apparatus  (Fig.  175)  the  use  of  the  air 
pump  is  dispensed  with.  It  consists  of  a  similar 
g^lass  globe  about  6  in.  in  dlam.,  furnished  with 
two  stopcocks,  to  one  of  which  is  attached  a  glass 
tube  ^  an  inch  in  diam.  and  7  in.  long,  fitted 
with  a  jet  for  burning  the  gas,   and   having  a  ther- 

Imometer  inside  of  the  lube  to  indicate  tlie  tempera- 
ture. The  other  stopcock  can  be  attached  by  a 
suitable  nozzle  to  a  gas-pillar,  and  in  practice  the  gas 
is  kept  flowing  through  the  apparatus,  being  con- 
sumed from  the  jet  at  the  upper  end.  The  exact  weight 
of  the  globe  when  full  of  air  at  mean  temperature  and 
pressure  is  engraved  upon  it ;  and  a  counterpoise 
Aveight  is  provided,  exactly  equal  to  the  weight  of  the 
globe  when  exhausted. 

When    it    is    required    to    determine   the    specific 

B  gravity  of   the  gas,  the  lower  or  supply-cock  is  first 

^  closed,   and  the  upper  one  immediately  afterwards.     This  order 

is  necessary  to  be  observed  in  the  shutting  of  the  cocks,  because 

if  the  upper  one  were  first  closed,  the  gas  within  the  globe  would 

be  at  the  pressure  of  the  gas  within  the  main,    instead   of  that 
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of  the  atmosphere.  The  g"lobe  is  then  placed  in  the  balance, 
and  M  sufTicient  number  of  grains  and  fractional  parts  added 
to  the  pan  containing  the  counterpoise  weight  to  equalize  the 
beam.  Suppose  that  it  takes  15  grs.,  then  these  represent 
the  weight  of  the  gas,  and  say  that  the  globeful  of  air  weighs 
35grs.,  then— 

—  =  '4291  the  specific  gravity  of  the  gas. 

But  it  is  necessary  in  making  such  obserx'ations  to  correct  the 
volume  of  gas  to  mean  temperature  and  pressure,  and  to  allow  for 
the  moisture  present  in  all  aeriform  bodies  in  contact  with  water. 
To  these  points  the  observations  which  follow  apply. 

CORRECTIONS    FOR   TEMPERATURE, 
BAROMETRIC  PRESSURE,  AND  MOISTURE. 

Owing  to  the  contraction  and  expansion  which  take  place  in 
the  bulk  of  all  aeriform  bodies,  due  to  the  variations  in  atmo- 
spheric temperature  and  pressure,  it  is  necessary,  when  estimating 
and  comparing  their  volume,  to  adopt  one  common  temperature 
and  barometric  pressure  as  the  standard.  The  mean  temperature  ■ 
of  60°  Fahr.  and  30  in.  of  mercury  have  been  adopted  as  the  most  " 
convenient,  and  to  this  standard  their  volume  is  accordingly 
reduced.      For  example-- 

Correction  for  Temperature. — All  aeriform  bodies  expand 
1-491  •4th  part  of  their  volume  at  32'  Fahr.  for  every  degree  of 
increase  of  temperature  (i-273rd  of  the  volume  of  the  gas  at  o* 
Centigrade  for  each  degree  of  the  same  scale).  Now  suppose  it  is 
required  to  ascertain  what  volume  [ooo  cub.  ft.  of  gas  at  68  will 
occupy  at  60°  the  mean  temperature.  Wc  know  by  the  above- 
mentioned  law  that  a  quantity  of  gas  which  at  32'  is  491  4  parts, 
will  at  60"  become  519*4  {60-32-28  +  491*4  =  519-4)  and  at  6ii", 
527-4  (68.32  =  36+491  *4  =  527-4).  then— 
1000x519-4 

527 '4 
Or  ag^ain,  if  it  is  required  to  know  the  volume  which  jooo  cub. 
ft,  of  gas  at  56"  will  occupy  at  60",  then — 
looox  519*4 
5>S'4 


=  984  83  <Jub.  ft. 


1007*76  cub,  fl. 


J 
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Correction  for  Pressure, — The  amount  of  decrease  or  increase 
L    v-olume  is  inversely  us  the  pressure.     To  ascertain  what  volume 
t^>oo  cub.   ft.   of  g-jis  at  28-5  in,    will  occupy  when   the  mercury 
tiinds  at  30  in.,  the  mean  barometric  pressure,  then — 
1000  X  28'5 


30 


=  950  cub.  ft. 


Or  again,  if  it  is  desired  to  ascertain  the  volume  which   1000 
Cub.  ft,  of  gas  at  30*6  in.  will  occupy  at  30  in.,  then — 

li  -»  _    .^  1020  cub.  ft, 

I  ^^ 

W    Or. 

I  Correcting  at  Once  tor  Temperature  and  Pressure*  —Sup- 
pose it  is  required  to  ascertain  what  volume  io*x)  cub.  ft.  of  ^as 
at  72"  temperature  and  29-8  in.  pressure  will  occupy  at  standard 
temperature  and  pressure,  then — 

1000  X  5__5_4  y  59_  ^  gyo-qo  cub.  ft, 
53 ''4      30 
Correction  for  Moisture.~\x  has  bct-n  proved  by  experiment 
that    X   cub.  in.   of  permanent  aqueous  vapour  at  the  mean  tem- 
perature of  60°  and  the  mean    pressure   of  30  in.  weighs    '1929 
ilfTS.  ;    and    the   following   Table,   founded    on    the    researches   of 
[>alton  &   L're,   and  given  by   Faraday  in   his  "Chemical    Mani- 
pulation," shows  the  proportion  by  volume  of  aqueous  vapour 
xisting  in  any  gas  standing  over  or  in  contact  with  water,  at  the 
iifferent  temperatures  indicated,  and  at  a  mean  barometric  pressure 
jf  30  in. 


Proportion  of 

Proportion  of 

I'rrjportion  of 

cnip.                V'lip^nir  in 
.  Fahr.       One  \'olume 

Temp. 
Dcg.  Fahr. 

Vapour  in 

Tctnn. 

Dcg.  Kuhi 

\apnur  in 

One  ValuniL* 

.     One  Volume 

of  Gas. 

of  Gas. 

of  Gai. 

40     .     .     .       00933 

54    • 

•      01533 

63    . 

•02406 

41 

•00973 

55    ■ 

.     .     •01586 

69     . 

■024S3 

42 

•01013 

56    . 

■01640 

70     . 

.       02566 

43 

■01053 

57     • 

■01693 

71     . 

02653 

44 

•01093 

58     . 

.     -01753 

72     • 

.      ^02740 

4S 

■oi»33 

g  : 

.      oiSio 

73     . 

02830 

46 

■OII73 

•01866 

74     ■ 

.      -02923 

47 

01213 

6t     . 

-      01923 

75     ■ 

03020 

48 

•01253 

62     . 

.      01980 

76    . 

03120 

49 

■01293 

63     . 

•02060 

77     . 

03220 

50 

•01333 

64     . 

■02  r  20 

78     . 

•03323 

5i 

•01380 

65     . 

.      02190 

79     ■ 

-     -03423 

5^ 

'01 426 

66     . 

•02260 

80     . 

03533 

53 

-01480 

67     . 

-      02330 
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To  determine  by  means  of  this  Table  the  quantity  of  aquec 
vapour  present,  it  is  necessary  to  multiply  the  volume  of  the  t 
by  the  tabular  number  corresponding  to  the  temperature,  thi 
Suppose   loo  cub.  in.  of  g^as  weigh  iG  grs.  at  the  temperature^     of 
72',  and  at  mean    barometric   pressure,   then,  according  to   fc:he 
Table,   the  volume  of  aqueous  vapour  present  is — 
100  X  '02740  =  2*74  cub.  in. 
This  corrected  to  mean  temperature  will  be 
491*4  +  28 


274  X 


2-678  cub.  in. 


—  r^l 


491-4  +  40 

Now,  with  respect  to  the  volume  of  the  gas,   100  cab.  in.  at 
are  equal  to — 

100  i<  i5 — TL___  =07*7  cub.  in.  at  a  temperature  of  60', 
491-4  +  40    ^'  "^ 

Hence  977 -2*678  =  95 '022  cub 

mean  temperature  and  pressure. 

To  arrive  at  the  wKighl  of  the  volume  of  dry  gas,  the  volutr^^*"^ 

of  aqueous  vapour  must  be  multiplied  by  -1929  grs.,   the  weigr^^^*^ 

of  a  cubic  inch  of  permanent  aqueous  vapour,  as  before  stated,  a.—       "" 

the  product  deducted  from  the  total  weight  of  if)  grs.;  thus: 


in.,  the  volume  of  dry  gas 


at 


16-  (2-678  X  -1929)- 15-483  grs. 


i 


re 


'525,  as  the  specific  gravity  of  the  gas. 


d 


Then  for  the  weight  of  100  cub.  in.  of  dry  gas  we  have — 

_^Ji_i»_ =  io'393  grs. 

95  02  2 

And  as  100   cub.  in.    of  air   at  mean  temperature  and   pressu 

weigh  31  grs.,  we  have — 

16-293     . 

If,  instead  of  making  the  correction  for  moisture,  it  is  preferre 
to  dry  the  gas  as  it  passes  into  the  globe,  this  may  be  done  b^,^^^^^ 
causing  it  to  flow  through  a  glass  tube,  J  an  inch  in  diameter  — ^' 
and  about  18  to  20  in.  long,  containing  pieces  of  dry  calciunr^'"^ 
chloride  ;  that  substance  having  a  strong  alTinity  for  moisture^  -^^' 
Before  using,  the  calcium  chlorido  should  be  fused  in  an  earthen—  ^^' 
ware  crucible  at  a  low  temperature,  then  poured  on  a  clean  slone^^  ^ 
surface,  and  as  soon  as  cold,  broken  in  pieces  and  put  in  the  tube-  '^' 
The  gas  in  passing  through  the  tube  to  fill  the  globe  should 
made  to  travel  slowly,  about  15  minutes  being  the  usual  tim 
allowed. 
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Wriffhfs  Method  of  Determining^  the  Specific  Gmvity. 

For  ascertaining  the  specific  gravity  of  gas,  Mr.  Wright  used 
^  light  balloon  (Fig",    176),  capable    of  containing  1  cub.   ft.    or 

^728  cub.  in. 

His  directions  for  performing  the  experiment  are  as  follows  : — 
Expel  the  air  from  the  balloon  by  folding  it  in  the  form  in  which 

It  is  first  received,  ascertain  the  weight  of  the  balloon  and  car,  fill 

the  balloon  with  gas,  insert  the  stopper,  and  put 

as  many  grains*  in  the  car  as  will  balance  it  in 

the    air  ;    add    the    number   of  grains    which   it 

carries  to  the  weight  of  the  balloon,  and  deduct 

the  amount  from  the  tabular  number  correspond- 
ing to  the  degree  of  temperature    indicated   by 

the    thermometer,    and    the    pressure    indicated 

by  the  barometer  (pp.  344,  345} ;  divide  the  result 

by   the  tabular    number  due  to  the  temperature  „         , 

and    pressure    of  the    gas    (to    ascertain    which, 

allow  the  gas  to  blow  upon  the  bulb  of  the  thermometer  until  the 

mercury  is  stationary),  and  the  first  three  figures  are  the  specific 

gravity. 

EXAMPLK    I. 


o..  J     \  Tabular  number,  924. 
Q    ^     >  Tabular  number,  959. 

2»'5  \X\.} 


Temperature  of  the  air 

Barometer  ,         .  ,  .         . 

Temperature  of  the  gas 

Barometer  always  the  same  as  air    ^o  3 

Weight  of  balloon  and  grains  in  car,  560. 
L     Then— 


959 


■379,  the  specific  gravity. 


Example  I 


Temperature  of  the  air 
Barometer 
Temperature  of  the  gas 


Tabular  number,  1067. 
Tabular  number,  1012. 


40  I 
•     30'5  <"■/ 

^arometer  always  the  same  as  air  30*5  in./ 

■  Weight  of  balloon  and  grains  in  car,  560. 

*  Thr  weight*  used  arc  not  troy  grains,  lOO  of  ihcm  twing  equal  lo  53*56  troy 
pains  ;  ihcy  arc  each  equal  to  1728  cub.  in.  of  air,  when  the  barometer  is  at  30  in. 
and  the  ihennomecer  ai  6o** 


J 
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1067  -  560 


1012 


•501,  the  speciHc  gravity. 


Lux*s  Specijic  Gravity  Apparatus. 

Thegfas  balance,  shown  in  Figf.  177,  for  determining  the  specific 
gravity  of  illuminating"  gas,  is  the  invention  of  Mr.  Frederick  Lux. 


It  is  constructed  on  the  principle  of  the  common  lever  balance, 
with  a  curved  scale  attached  by  means  of  a  coupling  rod  to  the 
standard.  The  scale  is  graduated  from  o  to  i,  and  l1ie  tongue  or 
pointer  moving  in  close  proximity  thereto  enables  the  operator  to 
take  a  direct  reading  of  the  specific  gravity  of  the  gas  under 
examination. 

Instead  of  consuming  the  gas  through  the  vertical  tube,  a  pipe 
can  be  arranged  to  convey  the  gas  to  the  photometer  for  the  pur- 
pose of  testing  its  illuminating  power. 


To  Find  the  Wcigttt  in  Pounds  of  any  Quantity  of  Gas  at  60'  Fafir, 
and  JO  in.  Bar.,  tfic  Specijic  Gravity  being  known. 

RfLE. — Multiply  the  quantity  in  feet  by  the  specific  gravity 
and  the  product  by  "07497  (weight  of  a  cubic  foot  of  air),  and  the 
answer  will  be  the  weight  of  gas  in  lbs.  avoirdupois, 

Example.— What  is  the  weight  of  9400  cub.  ft.  of  gas,  its 
specific  gr;ivity  being  '480? 

9400  X  '480  X  '07497  —  338*26  lbs.  of  gas. 
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TABLE. 

Weight  or  1000  Cubic  Fbet  of  Coal  Gab   or   Different   Specinc 
Gravities  at  60"  Fahr.  and  30  Inches  6ar.»  Saturated  with 

Moisture, 


Speolflo 

Wetjbt  per 

Bpcciflo 

Weight  per 

Sp«ciftc 

Wtieht  iK>r 

Gravity. 

tOOO  Cubio  Fret 

Omvftjf. 

10(M»  Cubic  Feet 

aravitjr. 

1000  Cubic  Foe*. 

Aid  000 

lbs. 

Air  rooo 

Ibt. 

Air  1-000 

Ibi. 

•380 

38*489 

•470 

36-^35 

•600 

41-983 

•385 

28*868 

■475 

35-610 

•665 

42-358 

•390 

29-288 

-JSO 

3.V9&5 

•670 

42-782 

■3% 

29-613 

•465 

.'MJ-HtlO 

•575 

43 '107 

MOO 

29-088 

•490 

36-735 

•680 

43*482 

MOO 

30-36:] 

'495 

37-110 

•686 

43-857 

'41Q 

30-738 

-600 

37-JS5 

•690 

44-232 

^^^m            -41d 

31-11:1 

■fiOo 

87-a60 

•595 

44'fi07 

^^H            -420 

31 -^87 

■GIO 

38*235 

•COO 

44-982 

^^B           '4^ 

31*8*^2 

•615 

39-610 

•C05 

4S-B-57 

^^B           -480 

82-237 

-.lao 

38-984 

•610 

46-732 

^^H           -486 

82-612 

-.'.25 

39-369 

•615 

46-107 

^^V          -440 

82-967 

•530 

89-734 

•nao 

46-481 

^^H           -445 

33-363 

■f>3fi 

40-109 

•625 

46-856 

^^M          •4fi0 

33-737 

•540 

40-484 

■G30 

47-231 

^^^B           •45fi 

34*111 

•045 

40 -850 

•635 

47-606 

^■H          -460 

a4-4titi 

■5.J0 

41  -I^H 

-640 

47-981 

^■^             '406 

34 -861 

•555 

41-G03 

•645 

48-356 

TABLE  OF  VARIOUS  GASES. 

Tbbir    Density,    Specific    Gravity,    ajid    Weight, 

Dry  and  Saturated  with  Moisture, 

At  the   Standard  £arometric    Pressure   of    30    Ikohes. 


Hydrogen 

Liebt  Carbaretted  Hy- 

orogeD    

AmtDoaia 

Aoetyleofl 

Carbonio  Oxide  .  .  . 
Olefiftnt  Gia  .     .     .     . 

MbrogeD 

Air 

Nitric  Oxide  .     .     .     . 

Oxyf!eD 

SQipliuretted  Hydrogen 
CarDooio  Acid  .  .  . 
KitrouB  Oxide  .  .  . 
Sulphurous  Acid  .  . 
Chlorine  .  .  .  .  , 
Biiulphide  of  Garbon  . 


Symbol 


L 


CH, 

CH. 

NO 
O 
H.S 
CO, 
N.O 
SO, 

CI 


Penalty. 


lOOO 

7-985 
B-610 
12-970 
13-965 
13-970 
14-030 
14-422 
14-990 
16-960 
16-990 
21-945 
23-000 
31-960 
36*870 
37-966 


Bpeolflo  Woightof  1  Cubic  Foot 
Gravity.)  in  QralnB. 

Air 
eQual 


J-OOO. 


■0693 

■554 

•590 

■899 

-968 

-969 

•9721 

1-000 

1069 

11066 

1178 

1-522 

1-625 

2-267 

2-452 

2'682 


Al  8a«  P. 

Dry. 


39  16 

312-61 
333-17 
507-68 
546-73 
646-93 
648-88 
564 • 62 
586-86 
624-83 
665-16 
859-15 
861-80 
1. 250 •84 
1,384-74 
1.486-83 


Atao«F. 

SaUtatcd. 


86-39 

290-67 
J09-68 
471-99 
508-19 
508-37 
510-J9 
524-83 
545-49 
680-78 
6i8'27 
798-68 
800-58 
1,162-66 
1,287  11 
lj88155 


Cubic  Feel  equal 
to  llb.av*rdopoii. 


Al  aa**  F.  AteoT 

Dry.      Sauid. 


176 '80 
22-89 

aroi 

13-79 
12-80 
12-80 
12-75 
12*40 
U-93 
ll-:20 
10-52 

a-io 

8-13 
5-59 
5-06 
4-71 


102 ■ac 

24-09 
22-60 
14-83 
13^77 
13-77 
13-73 
18-84 
12'K3 
12-05 
11-32 
8*76 
8-74 
6-02 
5-44 
5*07 
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THE  ENRICHMENT  OF  COAL  GAS. 

When  a  higher  illuminating  poviXT  ll\an  that  yielded  by  the  gas 
produced  from  ordinary  bituminous  coal  is  desired,  some  method 
of  enrichment  is  resorted  to. 

Cannel  was  formerly  the  only  medium  employed  for  this  pur- 
pose) and  it  is  the  best  and  simplest,  inasmuch  as  the  gas  from  it  is 
a  more  regular  and  durable  enricher  than  any  other,  and  does  not 
require  any  special  and  separate  apparatus  for  its  production  ;  but 
of  recent  years  other  methods  of  enrichment  by  means  of  oil  of 
different  kinds  have  been  introduced,  owing  to  their  being  less 
costly. 

It  does  Jiol  follow,  however,  that  cannel  is  or  will  be  entirely 
abandoned  for  enrichment  purposes  ;  all  depends  upon  the  price. 

Gas  enrichment  is  of  less  pressing  concern  to-day  than  it  was 
at  one  time,  because  the  principles  of  economical  lighting  are 
now  bettor  understood  and  more  widely  applied,  resulting  in  the 
introduction  of  improved  burners  and  the  better  regulation  of  the 
pressure  at  or  near  to  the  point  of  consumption. 

The  incandescent  gaslight,  also,  has  shown  how  a  vastly  in- 
creased illuminating  power  may  be  obtained  without  resorting  to 
enrichment,  with,  at  the  same  time^  a  striking  economy  in  gas 
consumption. 

The  chief  advantage  derived  from  enrichment  is  the  assistance 
it  lends  towards  preventing  the  deposit  of  naphthalene,  the  richer 
gas  lending  to  keep  this  hydrocarbon  suspended  within  it  in  the 
gaseous  form. 

The  following  is  a  r^sum^  of  the  various  enriching  methods 
employed  : — 

The  Peebles  Process  consists  in  cracking  or  decomposing  oil 
in  iron  retorts  at  a  temperature  of  1750"  Fahr.,  and  washing  the 
resultant  gas  by  the  fresh  oil,  which  is  afterwards  decomposed 
in  a  similar  manner.  Blue  oil,  having  a  specific  gravity  of  '85, 
is  generally  used.  Its  illuminating  value  as  an  enriching  agent  is 
about  90  candles  per  5  cub.  ft.  of  the  gas.  The  yield  of  coke  is 
5  J  cwt.  to  the  ton. 

The  Maxim  Patent  Carburettor.— Thi^  carburettor,  which 
is  largely  in  use,  consists  of  an  evaporator  in  the  form  of  a 
multitubular  boiler,  an  injector,  and  a  steam  pump.     The  steam 
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pump  is  used  for  pumping-  the  enrichrng"  material  from  an  under- 
ground  storage  tank  into  the  evaporator,  wliere  it  is  vapourized 
under  sufficient  pressure  (say,  from  25  to  30  lbs,),  to  ensure  a 
proper  blend  with  the  coal  yas  in  the  injector. 

The  injector  draws  a  portion  of  the  coal  gas  from  the  main 
and  mixes  it  with  the  enriched  gas  from  the  evaporator,  and  then 
returns  it  to  the  main  ajjain.  It  wilJ  be  seen  that  by  this  means 
it  is  only  necessary  to  take  the  small  proportion  of  gas  from  the 
main  that  is  required. 

The  enriching-  material  used  may  be  either  90  per  cent,  benzol, 
or  a  lijfht  petroleum  spirit  having  a  total  evaporating  point  not 
exceeding  260"  Fahr. 

One  gallon  of  good  90  per  cent,  benzol  will  enrich  20,000  cubic 
feet  of  gas  one  candle,  and  one  gallon  of  petroleum  spirit  will 
enrich  8000  cubic  feet  of  gas  one  candle. 

The  WhessoG' Munich  Method  of  enrichment  is  by  means  of 
benzol.  This  is  volatilized  in  a  vessel  heated  by  steam,  and  fitted 
with  ribbed  trays  covered  with  cloth,  on  to  which  the  benzol  drops. 
It  is  claimed  as  one-  of  the  advantages  of  this  system  (like  the  fore- 
going), that  it  is  only  necessary  to  pass  a  portion  of  the  coal  gas 
through  the  carburettor,  and  that  such  portion,  being  enriched, 
acts  as  an  enricher  for  the  rest.  The  quantity  of  benzol  required 
to  enrich  1000  cub.  ft.  of  gas  one  candle  is  3  oz. 

The  Dvorkovltz  System  enriches  by  means  of  solar  distillate 
oil,  specific  gravity  '886.  This  is  cracked  or  decomposed  in  iron 
retorts  heated  to  a  bright  red,  and  the  gas  so  produced,  mixing  in 
the  proportion  of  3  per  cent,  with  ordinary  coal  gas  of  15  to 
16  candles  value,  raises  the  illuminating  power  about  1}  to 
2  candles.  The  inventor  claims  a  high  value  for  the  residual  tar 
and  oil. 

Carburetted  Water  Qas, — A  carburetted  water  gas  plant  is  a 
useful  adjunct  to  the  ordinary  coal  gas  plant  of  a  gas-works.  The 
plant  is  used  both  for  gas  making  and  gas  enriching.^  It  consists 
of  three  vessels  or  shells,  called  the  generator,  the  carburettor, 
and  the  superheater.  The  gas  is  made  by  admitting  steam  at 
about  loa  lbs.  pressure  through  a  bed  of  incandescent  coke.  The 
steam  being   decomposed  into  its  constituent  gases  oxygen  and 

*  Gas  is,  of  course,  produced  in  all  [lie  oLher  processes,  but  this  is  n  gas  producer 
on  a  Luge  scale. 


I 
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hydrogen,  the  resultant  oxygen  combines  with  the  carbon  of  the 
coke,  forming'"  carbonic  acid,  which,  rising  through  the  higher 
layers  of  incandescent  coke,  is  reduced  to  carbonic  oxide,  and  this 
mixing  with  the  hydrogen  forms  what  is  called  **  water  gas." 
This  is  non-luminous,  and  is  afterwards  enriched  in  the  carburettor 
with  oil,  which  iniparts  to  the  gas  its  light-giving  properties.  The 
gas  thus  enriched  rs  passed  through  the  superheater  to  "  fix  "  the 
oil  vapours. 

It  addition  to  its  usefulness  as  a  carburettor  of  coal  gas,  it 
prevents  to  a  very  large  extent  the  deposition  of  naphthalene  in 
the  mains  and  services,  and  removes  surplus  coke  from  the  market. 
In  case  of  sudden  fogs  and  dark  weather,  the  plant  can  be  got  to 
work  at  a  few  hours'  notice,  and  so  obviates  the  necessity  of  keep- 
ing retorts  under  fire  ready  for  any  emergency  of  this  kind, 
with  the  consequent  waste  of  fuel  and  wear  and  tear  of  the 
settings. 

The  following  figures  may  be  taken  as  fair  average  working 
results  and  cost  in  this  country  of  manufacturing  looo  cub.  ft.  of 
24  candle  carburetted  water  gas,  with  oil  at  2jd.  per  gallon  and 
coke  at  6s.  Sd.  per  ton  : — 

Ulumtnating  power  .....         24  candles. 
Candles  per  gallon  of  oil  .  .  .         .  7 

Coke  for  all  purposes,  per  1000  cub.  ft.  43*74  *bs.  • 

Oil  used  per  jooo  cub.  ft.  ...  3*43  g^Js. 

Total  cost,  including  cost  of  oil  less  tar, 
fuel,  generating  wages,  purifying  and 
labour,  wear  and  tear,  salaries,  wnter, 
stores,  and  sundries     ,         ,         .  13 •46d.  per  1000  cub. 


PUBLIC  ILLUMINATIONS. 

In  provincial  towns  the  Gas  Manager  is  usually  called  upon  to 
arrange  and  superintend  the  illuminations  that  are  given  to  cele- 
brate any  great  national  or  local  event.  On  such  occasions  the 
following  particulars  will  be  found  useful  : — 

Mode  of  Supply  and  Price  of  Qas,  —  Ilhimination  devices 
are  generally  supplied  with  gas  direct  from  the  main,  without  the 
intervention  of  a  meter  to  register  the  consumption.  Where  the 
illuminations  are  anything  like  universal,  the  fixing  of  meters  is 
altogether  impracticable. 


J 
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Takinj^  the  consuinplion  of  each  jet  '  to  bit  at  the  rate  oi"  one 
cubic  foot  of  gas  per  hour,  which  is  a  fair  average,  including  loss 
t>>  leakage  and  trial  lighting,  the  following  will  be  the  rate  of 
ciliarge  according  to  the  price  per  looo  cub.  ft.  : — 


a  per  lOOO 

. 

At  per  1000. 

s.     d. 

s. 

d. 

6     6 

•078  of  id. 

per  jet  *  per  hour. 

2 

•050  of 

Id. 

per  jet  >  pei 

hour 

6    5 

•077 

I 

■049 

tt 

>t 

6    4 

•076 

0 

•048 

t< 

»> 

6    3 

•075 

II 

•047 

i» 

If 

6      2 

•074 

10 

•046 

it 

11 

6     I 

•073 

9 

•045 

U 

,, 

6    o 

•072 

8 

•044 

)  t 

>i 

5  " 

•071 

7 

•043 

r» 

If 

5  »o 

•070 

1 

6 

'O42 

ti 

It 

5    g 

•069 

5 

■041 

»» 

*> 

5    8 

•068 

4 

'O40 

** 

t) 

S    7 

•067 

3 

■039 

»» 

ft 

S    6 

•066 

2 

•038 

>* 

II 

5    5 

•065 

I 

*037 

)f 

»» 

5    4 

-064 

0 

■036 

»» 

i» 

5    3 

•063 

II           1 » 

2 

II 

•035 

ft 

It 

5     2 

•062 

,,           ,, 

2 

10 

•034 

It 

II 

5    I 

•061 

2 

9 

•033 

)t 

i> 

5    o 

•060 

2 

8 

■032 

»t 

M 

4  " 

•059 

2 

7 

•031 

If 

II 

4  lo 

•058 

2 

6 

030 

>t 

ft 

4    9 

■057 

2 

S 

029 

M 

11 

4    8 

•056 

2 

4 

•02S 

,, 

,, 

4     7 

•OSS 

2 

3 

•027 

11 

II 

4    6 

•054 

2 

2 

•026 

,, 

,, 

4    5 

•053 

2 

I 

■025 

>t 

II 

4    4 

•052 

2 

0 

•024 

,, 

II 

4     3 

■051 

1  By  the 

term 

-jet. 

'  as  here  used,  is  m 

cant  the  ;>inall  gas  flame 

at  each  hole 

drille* 

or  punched 

in  the 

pipes  forming  the  differe 

nt  de 

vices. 

When  the  ordinary  No.  1,  2,  and  3  fish-tail  burners  are 
employed,  the  consumption  may  be  reckoned  at  the  rate  of  3,  4, 
and  5  cub.  ft.  per  hour  each  respectively,  and  charged  accord- 
ingly. 

It  is  proper  to  stipulate  that  no  illumination  should  amount  to 
less  than  50s. 

Service  or  Supply  Pipes. — It  is  the  usual  rule  for  the  gas 
authorities  to  convey  at  their  own  cost  a  service  pipe  from  the 
main,  and  from  8  to  12  ft.  up  the  front  of  the  building  to  be 
illuminated,    provided  the  whole  length   of  pipe  required  does 
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not  exceed  36  ft.     A  charge  is  made  for  any   additional  lengt: 
The  expense    of  fixing    the    devices    in    their    position    is    al 
charged.      To  the  end   of  the  pipe   in   front   of   the    building 
stopcock  is  attached   for  shutting  off  or   regulating   the   suppi 
of  gas. 

Care  should  be  taken  to  have  the  pipes  of  ample  capacit 
otherwise  the  illumination  will  be  poor  and  ineffective. 

When  the  building  to  be  illuminated  is  large,  it  is  advisal> 
to  run  up  a  service  pipe  at  each  end,  and  one  in  the  centr 
connecting  them  together  in  the  front  ;  each  pipe,  of  cours 
having  a  distinct  connection  with  the  main  in  the  street. 

The  service  pipes  should  be  laid  with  a  slight  fall  to  the  main 
and  the  use  of  all  abrupt  angles — such  as  square  elbows — shou! 
be  avoided,  bends  being  employed  instead. 

The  service  pipes  are  temporary  only*  being  lent  by  the  gj 
authorities,  and  are  removed  by  them  when  the  illuminations  ai 
over. 

Devices. — The  devices  are  paid  for  by  the  private  inhabitant 
or  the  local  authorities,  or  by  both,  as  the  case  may  be. 

They  may  consist  of — 

Initial    and   other  letters,  single-lined  —  thus,     /\   - 


a 
.1y 

.  le 


double-lined — I  hi 


Mottoes — straight,    curved,    or 

circular. 
Lanterns  with  coloured  devices. 
Laurel  scrolls. 
Garlands. 
Festoons. 
True  lovers'  knots. 
Stars  of  various  kinds. 
Mitres. 
Crescents. 
Crosses, 


Plumes,   as   Prince  of  Wale^- 

feathers. 
Aureoles, 
Crowns. 
Shields. 
Anchors. 

Masonic  emblems. 
Heraldic  crests. 
Corporation  arms. 
Other  devices  suitable  to  the 

particular  occasion. 


L 


The  devices  arc  made  by  the  manufacturers  of  gas-fittings, 
wrought-iron  tubing,  and  others,  and  are  supplied  to  gas  authori- 
ties and  the  trade  at  about  the  prices  on  the  following  page. 
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Single-lined  Letters,  in  Iron  or  Copper^  fitted  with  Strong 
Union  Couplings. 


t^igth  of  Letter. 

X8  inches 

=4     M 

30 

36 

48 

54 

60 

Size  of  Inlet. 

gths 

inch  bore 

Price. 

s. 

d. 

II 

0 

each 

12 

6 

13 

6 

15 

0 

18 

0 

21 

0 

25 

0 

30 

0 

Double-lined  Letters,  in  Iron  or  Copper,  fitted  with  Strong 
Union  Couplings, 


mgth  of  Letter. 

Size  of  Inlet. 

18  inches          .         .         .         gths  inch  bore 

24      ,. 
30      ,. 
36      ,. 

42             M 
48             .. 

§ 

h 

s 

54      M 
60      „ 

Price. 

s. 

d. 

12 

6     ea 

15 

0        , 

17 

6 

20 

0        , 

24 

0        , 

28 

0        1 

33 

0        , 

40 

0        . 

•Brunswick  Stars  and  Stars  with  Eight  Points^  made  of  Wrought- 
Iron   Welded  Pipe,  and  fitted  with  Strong  Union  Couplings. 


XDiameter. 

Size  of  Inlet 

3  feet     . 

.     I    inch  bore 

4    » 

.     li        » 

5    ..      • 

.     li        ,. 

6    ,.      . 

.     'i        ,. 

7    >.      • 

.          li                 M 

8    „      - 

.      2       -      „ 

Price  with 

Price  with 

Price  with 

Star  Centre. 

Shield  Centre. 

Plume  Centre 

£    s.    d. 

£    s.    d. 

£  s.    d. 

200 

220 

2  17    0 

2  12    0 

2  IS    0 

3  10    0 

366 

3  10    0 

4    5    0 

4  IS    0 

500 

5  «5    0 

636 

6  10    0 

7     5    0 

770 

7  15    0 

8  10    0 

Crowns  and  plumes  cost  about  one-third  more  than  stars. 

Scrolls,  garlands,  heraldic  crests,  and  other  devices,  at  prices 
varying  according  to  the  elaboration  of  the  design. 

Wrought-iron  pipes,  drilled,  and  with  star  jets  inserted,  arc 
supplied  at  about  the  ordinary  list-price. 


384 


NEWBIOGING'S  HANDBOOK  FOB 


The  devices  may  be  *'  home-made,"  and  if  so  will  be  less 
expensive  ;  but  unless  constructed  by  skilled  and  tasteful  work- 
men, they  will  present  a  scraggy,  irregular  appearance  when 
lighted  up. 

Jliumlnated  Borders.  —  A  very  pretty  effect,  easily  managed,  :in<l 
one  that  t,^ives  a  rich  fulness  to  the  central  ilUiminahon  of  a  buil<^- 
ing,  is  obtained  by  running  wrought-iron  tubing  along  the  princip**^ 
angles,  with   holes   drilled   in   the  tube  at   distances  about  6    ir>.     _ 
apart,  and  having  small  jets  or  star  burners  inserted.    The  burners  ■ 
may  be  placed  wider  apart,  and  globes  made  use  of.     These  pf^  ■ 
vent   the   lights   from   being  extinguished  by   the  wind,  and  al^^  I 
heighten  the  general  effect.      In  this  case  a  short  piece  of  bra.^*B 
tube,   with  elbnw  socket  and  gallery,  must  be  inserted.     Glotr^® 
ground  all   over,   or   white  opal   globes,   or  white   and   colour^^" 
globes  arranged  alternately,  show  to  the  best  advantage. 

Caioured  Fires, — A  display  of  coloured  fires,  at  inter\'als,  fr*^**"*- 
promiiient   points  of  elevation,  adds  greatly   to  the   effect  of 
illumination. 

The  following  are  some  excellent  recipes  for  their  production    - 

IMac  Fire^ 

Chloritc  of  pota»h 49  parts,  or  7     13 

Sulphur 35      „  40 

Chalk 20      „  J       J 

Black  oxide  uf  coji^itr ^       •,  10 

This  composition  weighs  1  Iti.,  and  cu^bt  zs.  3d. 

Purple  Fire, 

o7~  dmtS' 

Chlorale  of  p«)tash 43  parts,  or  6     14 

Xiuatc  of  putash  (siaUpcue) 22}^    ,,  3     to 

Sulphur 22|    ,,  5     »o 

Black  oxide  of  coppi-T      ......  10      ,,  19 

Black  bulphidc  uf  nicrcur)  (Klhi<.>p'»i  mineral)  .         .  a        ,*  ^      5 
Weight,  1  lb. ;  cost,  2s.  3d, 

Veliov}  Fire. 

02.  drms. 

Nitrate  of  soda 75  parts,  or    13    o 

Sulphur <0     i>  3      > 

Charcoal  or  lamp-blftck 6     ,,  015 

Weight,  I  lli.;  cost,  is.  6d. 
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Blue  or  Bengal  Fire* 


Dry  nitrate  of  potash 

Sulphur 

Tersulphide  of  antimony 


Weight,  I  lb, ;  cost,  is. 
Or 


Amnionic  sulphate  of  copper   .... 

Chlorate  of  potash 

Shellac 

Weight,  I  lb.;  cost,  2s.  3d. 


Green  Fire. 


Nitrate  of  baryta     . 
Sulphur . 

Chlorate  of  potash  . 
Charcoal  or  lamp-black 
Metallic  arsenic 


Weight,  I 


b. ;  cost,  I 
Or 


6d 


Nitrate  of  bar>'ta 
Shellac  . 
Chlorate  of  {x>tash 


Weight,  I  lb.;  cost,  is.  6d. 
Crimson  Fire. 


oz.  dnns. 
6  ports,  or  10     lo^ 

2    ,.  3      9i 

1     ,,  I     12 


oz.  drms. 
8  parts,  or   8      8 
6    „  67 

I     ,,  II 


oz.   drms. 

77  parts,  or  12       5 

13     ..  21 

5    ..  o    13 

3    ..  08 

2      m  05 


oz.  drms. 
9  parts,  or  10    10 


Nitrate  of  strontia  . 
Sulphur 

Chlorate  of  potash 
Charcoal  or  lamp-black 


Nitrate  of  strontia   . 
Sulphur  . 

Chlorate  of  potash  . 
Charcoal  or  lamp-black 
Sulphide  of  antimony 

25 


Weight,  I  lb. ;  cost,  is  6d. 
Red  Fire, 


Weight,  I  lb.  ;  cost,  is.  6d. 


3     M 

3      9 

li  *> 

"     13 

oz.  drms 

80  parts, 

or  10      0 

32i    M 

2     14 

20      „ 

2      8 

5          M 

0    10 

oz.  drms. 

40  parts. 

or  10      0 

13     >. 

3      a 

5    » 

«      3 

3    » 

0    II 

4    » 

I      0 
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Or 

08.  drm 

Nitrate  of  strontia 9  parts,  or  10    10 

ShellK 3     »  3     9 

Chlorate  of  potash 1^  „  i     13 

Weight,  I  lb.;  cost,  is.  6d. 

White  Indian  Fire. 

oz.  drm: 

Nitrate  of  potash 34  parts,  or  1 1     10 

Siilphur 7     „  36 

Sulphide  of  arsenic  (realgar) 2     „  10 

Weight,  I  lb. ;  cost,  is. 

In  no  case  should  the  chlorate  of  potash  be  ground  along  with 
sulphur^  as  ignition^  caused  by  thefrictum^  might  ensue. 

The  ingredients  should  be  reduced  to  the  finest  powder  (excef 
ing  the  shellac,  which  should  only  be  beaten  into  small  fragmen  '^ 
by  bruising  them  in  a  mortar  made  of  hard  wood,  the  chlorate 
potash  being  ground  separately.  They  should  then  be  intimate 
mixed  together,  by  passing  them  three  or  four  times  through, 
hair  sieve.  When  mixed,  keep  the  material  in  a  close-stopper-  « 
bottle,  to  prevent  spontaneous  combustion.  All  the  ingrvdiep^- 
must  be  perfectly  dry  to  ensure  sttccess. 

The  mixtures  are  best  fired  in  hemispherical  dishes,  or  ladL 
made  of  beaten  iron,  about  5  in.  diameter  and  2^  in.  deep  in   t 
centre.     The   fumes   arising  from   the   different  fires   should 
avoided. 

A  pound  in  weight  of  any  of  the  mixtures  is  sufficient  for  a  fx. 
(though  any  quantity  may  be  used),  and  the  cost  varies  from  is. 
2S.  3d.  each.     The  ingredients  can  be  obtained  from  almost  a^ 
chemist  and  druggist. 
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ILLUMINATION    DEVICES. 


>^':':'. 
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^M 
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Figs.  178  to  191, 


4:'         j*s 


388 


NEWBIOGING'S   HANDBOOK   FOB 


V    V     1    /    , 

^   vx\;#(%/.// 


?7 


— ^\vN\ 


Figs.  192  and  193. 


GAS   ENGINEERS   AND   MANAGERS. 


389 


••-'--^"/r--:*--. 


V 


v^ 


\X' 


*^->fe 


^:^?;:5s:^ 


■■i-4- 


.5.V. 


II    en  2      U     y»'^    '.i' 


-^ 


/:'ir^ 


^.. 


./ 


tST! 


^.. 


t^^S> 
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'rr-i 


Figs.  194  to  205. 


(^ 


390 


NEWBIGGING'S  HANDBOOK  FOR 


■/ 


V  '*. .7.-.*'' -/  X 


'"•- 


BRITANNIA  RULES  THE  WAVES 

Figs,  206  \t^\^  icf]. 
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Figs.  208  to  214. 
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Figs,  215  to  221. 


*-i   / 


GAS  ENGINEERS   AND   MANAGERS. 


393 


(l^^^^^^' 


r^> 


^ 


v-/.i  ....-•    / 
•w.     -i 


^-' 


^ 


Tf 


iH 


^i 


T7 %s 
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Figs.  222  to  225. 
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Figs.  226  to  230, 
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Figs.  231  and  232. 
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Figs.  237  and  238. 
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Figs.  339  to  341. 
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Figs.  342  and  343. 
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THE  USE  OF  GAS  FOR  PURPOSES  OTHER 
THAN  LIGHTING. 

The  use  of  gas  for  cookin^t  heating",  and  motive  power  has 
rnade  rapid  strides  of  recent  years,  and  the  steady  increase  that  is 
taking-  place  in  the  coniiumplion  of  ^as  for  purposes  other  than 
illumination  is  a  matter  of  interest.  Twenty-five  to  thirty  years 
ag^o  this  consumption  was  only  beg'iniiing'  to  make  ilself  felt,  yet 
within  the  brief  piTiud  which  lias  clap^^ud,  larg'e  industries,  K'^''"l? 
employment  to  much  capital  and  many  wurkpeuplt,  have  been 
called  into  existence  to  produce  the  machinery  and  appliances 
required,  to  describe  which  would  need  a  treatise  in  itself.  These, 
which  are  of  the  most  numerous  and  varied  kind,  are  of  ^real  excel- 
lence, whilst  improvements  are  constantly  being"  effected  therein. 

For  domestic  and  greenhouse  use  there  are  nuitiberless  heating 
stoves  of  superior  design  and  workmanship,  and  in  cooking  stoves 
^nd  ovens  there  is  equal  variety. 

The  uses  to  which  gas  may  be  advantageously  put  in  every 
branch  of  trade  where  heat  is  required  are  only  limited  by  the 
number  of  such  trades.  For  example,  in  coffee  roasting,  in  the 
rnanufacture  of  confectionery,  the  baking  of  bread,  the  finishing  of 
Sihoes,  in  dentistry,  hi  the  production  of  jewellery,  in  wire  welding, 
tempering  steel,  enamelling,  and  many  others. 

The  gas  engine  already  successfully  competes  with  the  steam 
rnotor  for  all  purposes  where  the  power  required  to  be  exerted  is 
intermittent  and  within  moderate  limits. 

For  handiness  in  application,  and  cleanliness  and  safety  in  use, 
^as,  as  a  fuel,  is  unsurpassed.  The  use  of  gas  in  these  ways 
t~tieans  a  saving  of  time  and  labour,  and  is  an  important  step 
towards  the  solution  of  the  smoke  dilTiculty  in   towns. 

Taking  its  advantages  in  these  respects  into  account,  there  is 
Economy  in  its  employment  even  when,  as  in  scattered  districts,  its 
|>rice  per  looocub.  ft.  may  be  considered  high.  In  towns  where 
the  price  of  gas  is  comparatively  low,  there  is  a  positive  economy 
in  its  adoption,  beyond  the  special  recommendations  named. 

The  manufacture  of  gas  engines  was  at  first  confmed  to  the 
Smaller  sizes,  from  i-man  power  to  lo-horse  power,  but  now  larger 
xsizcs  equal  to  as  high  as  500-horse  power  are  being  made. 
k  26 


In  adopting  this  motor,  neither  boiler  nor  chimney  is  i 
quired,  and  hence  it  can  be  employed  in  buildings  and  in  o»J.t- 
of-the-way  corners  in  establishments  where  a  steam  eng^ine  is 
altojijelher  inadmissible.  It  is  always  nvaihiblc  for  work  on  the 
opening  of  a  tap,  and  it  goes  on  working  continuously  day  and 
night  with  the  least  possible  attention.  Moreover,  the  percent*ig"e 
efficiency  of  the  gas  engine  is  greatly  in  excess  of  that  evolved  l>y 
the  steam  motor. 

As  a  ventilating  agent  the  gas  Harne  is  of  the  greatest  use,  aJid 
in  rooms  where  the  means  of  ventilation  are  provided,  it  promotes    ■ 
their  efficiency,  though  it  has  not  been  employed  in  this  direction 
as    extensively    as    its    merits    deserve.       In    spacious    assenr»V>ly 
rooms  in  which  crowded  meetings  are  held,  the  gas  *'sunligh^l,'*     M 
or  the  *'  regenerative"  light,  with  their  ventilating  tubes,  may  be     ' 
recommended  as  superior  to  any  other  method  of  artificial  lights  wg* 

One  of  the  best  methods — perhaps  the  very  best  method^— -of 
reducing  the  proportion  which  capital  expenditure  in  gas-wcz^rks 
bears  to  revenue,  is  to  cultivate  a  day  consumption  of  gas^  by 
affording  facilities  for,  and  encouraging  in  ever)-  legitimate  v^  'a>i 
the  use  of  gas  for  cooking,  heating,  ventilating,  and  motive  pow^^'*''. 
It  is  interesting  to  ascertain  approximately,  and  to  keep  a  permar — »ent 
record  of,  the  proportion  of  gas  consumed  in  the  daytime  as  c  ^cm- 
pared  with  the  night.  To  do  this  it  is  necessary  to  take  the  st^  ^^^ 
of  gas  in  the  holders  at  8  a.m.,  3  p.m.,  and  12  midnight. 

This  policy,  if  pursued  to  a  successful  issue,  is  virtuall^^  f*^ 
reduce  the  percentage  of  capital  in  the  proportion  of  such  c^*n* 
sumption,  because  the  plant  is  brought  to  bear  in  earning  pr'*''^* 
during  the  daylight  as  well  as  In  the  lighting  hours. 

If  local  governing  authorities  (or  some  of  them)  in  possesi*'*^'^ 
of  gas-works  had  the  real,  permanent   good  of  their   respect  '^'^ 
communities  at  heart — or  were  less  narrow  and  short-sighted     "^ 
their  views — instead  of  appropriating  large  gas  profits  in  aid     *^* 
rates  (a  policy  which,  besides  being  unjust,  always  tends  to  wa^*^* 
and  extravagance),  would  aim  at  reducing  the  selling  price  of  tr»* 
gas,  they  would,  by  so  doing,  give  encouragement  to  the  establi^'^'   ■ 
ment  and  growth  of  what  may  be  termed  The  Mi.vor   IndustriH^'   f 
whose  success,  and  even  existence,  are  so  largely  dependent  up<^^ 
a  cheap,  cleanly,  and  handy  fuel  for  heating  and   motive  po^v^'' 
purposes. 
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This  wise  policy  of  selling  g-as  at  cost  price  (including'',  of 
course,  interest  on  capital)  has  a  threefold  advantage,  inasmuch 
as  it  promotes  the  day  consumption,  It  goes  a  long  way  towards 
abolishing  the  smoke  nuisance,  and  it  broadens  the  base  of  the 
general  prosperity  by  the  encouragement  it  gives  to  the  growth  of 
a  variety  of  trade  interests. 

THE   RESIDUAL   PRODUCTS. 

One,  and  not  the  least  important,  of  the  duties  of  the  gas 
manager  is  to  do  what  in  his  power  lies  to  promote  the  interests 
of  the  undertaking  under  his  charge  by  utilizing  the  residual  pro- 
ducts of  gas  manufacture  to  the  utmost  extent. 

It  is  a  remarkable  fact  that  there  are  no  waste  products  in  a 
properly  conducted  gas-works.  The  coke,  breeze,  tar,  ammoni- 
acal  liquor,  sulphur,  spent  lime,  retort  carbon,  and  even  the 
clinker  and  ash  from  the  furnaces,  are  all  marketable,  and  there- 
fore of  more  or  less  value.  The  flue  gases  from  the  retort  stack 
arc  even  utilized  for  the  generation  of  steam  and  for  heating  the 
air  supply  to  the  combustion  chamber  where  the  regenerative 
system  is  applied. 

Coke  ami  Breeze^ — Coke,  as  ordinarily  produced,  is  not  welt 
adapted  fur  domestic  use  for  kitcheners,  for  use  in  greenhouses^ 
or  stoves  in  general  ;  and,  in  consequence,  its  sale  is  often  re- 
stricted. To  render  it  suitable  for  these  purposes,  it  requires  to 
be  broken  into  pieces  of  smaller  and  more  uniform  size. 

Wherever  means  have  been  adopted  for  this  purpose,  the 
article  has  been  found  to  command  a  ready  sale  ;  and  instead  of 
mountains  of  coke  in  every  available  corner  of  the  works,  the 
material  is,  as  a  rule,  cleared  out  almost  as  quickly  as  it  is 
produced. 

The  labour,  inconvenience,  and  waste  attendant  on  stacking 
are  thus  avoided,  the  premises  can  be  kept  in  better  order,  and 
the  revenue  is  augmented. 

For  breaking  the  coke  by  hand,  a  hammer  of  the  form  shown 
in  Fig.  247,  with  a  chisel  edge  at  one  end  and  four  prongs  at  the 
other,  may  be  recommended. 

A  machine  for  breaking  coke  is  made  by  Smith,  Beacock,  & 
Tannett,  of  Leeds.      This  is  used  at   the   Vork  <Ja£>- Works,   the 
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Manag"er  of  which  gives  ihe  cost  and  describes  the  advantages 
attendinj^  its  use. 

"The  engine  (a  4-hoise  vertical)  and  breaker,  and  fitting  up 
of  same,  cost  jQi43  ;  being,  for  the  engine,  £ioSt  the  breaker, 
£2Hf  and  fitting  up,  jQy,  By  placing  the  engine  and  breaker' 
upon  one  frame,  so  that  both  could  be  moved  upon  one  set  of 
wheels,  the  cost  would  be  materially  reduced  and  the  working 
very  much  improved.  The  machine,  when  at  full  work,  will  break 
20   tons   of  coke  per  day.     We  have  one  man  to  look  after  the 

engine,  and  two  to  feed  the  machine; 
but  as  the  first-named  is  not  fully  occu- 
pied with  the  engine,  he  assists  the  other 
two  in  helping  carters  to  put  the  broken 
coke  into  bags,  &c.,  the  net  cost  of  all 
which,  adds  9d.  per  ton  to  the  price. 
Then  in  breaking  a  ton  of  coke,  about 
1  cwt.  passes  through  the  screen,  and 
is  sold  as  breeze  at  19.  6d.  per  ton, 
or,  say,  id,  per  cwt.  The  real  result, 
therefore,  of  breaking  coke  stands  thus: 
We  sell  our  unbroken  coke  at  10s.  per 
ton,  and  broken  at  los.  8d. ;  the  Sd.  added 
being  gd.  per  ton  for  labour,  and  coke 
converted  into  breeze  by  breaking,  less 
id.  received  for  breeze  per  ton  of  coke 
broken.  The  cost  of  maintenance  of 
engine  and  breaker  we  consider  is  more 
than  recouped  by,  first,  the  saving  of  labour  that  would  have  been 
employed  in  loading  the  coke  if  it  had  not  been  broken ;  secondly, 
the  saving  of  the  cost  in  labour  and  depreciation  of  stacking  the 
coke  if  it  were  not  sold;  and  thirdly,  the  advantage  gained  in 
getting  rid  of  the  coke,  so  as  to  enable  us  to  maintain  our  price  of 
IDS.  per  ton.  for  upon  our  annual  make  of  coke  for  sale  a  reduc 
tion  of  IS.  per  ton  would  inflict  a  loss  of /^soo  a  year." 

Another  excellent  coke  breaker  is  that  devised  by  Thomas  and 
Somerville.  This  machine  requires  very  little  power  to  drive  it, 
and  the  waste  of  coke  by  its  use  is  remarkably  small.  At  a  trial 
of  the  machine  at  the  Old  Kent  Road  Works,  the  following  results 
Were  obtained. 


Flu.  247. 
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500  ft.  of  gas  consumed  by  a  2-horse  power  gas 
engine,  at  cost  price  of  gas  delivered  in  holder 

Oil  and  cotton  waste  ...... 

Two  men  supplying  machine  with  large  coke, 
and  shovelling  up  broken,  at  4s.  6d. 

Interest  and  wear  and  tear  (say) 


0 

9 

0 

6 

9 

0 

0 

3 

10 

6 

s^ 

—^ 

R. 

d. 

0 

'i 

Total  per  day 


For  80  tons  of  coke  broken  per  day  at  the  rate  of 
And  for  loss  by  dust  and  waste,   i  cwt.  with 

price  of  coke  at  (say)  13s.  4d.  per  ton  .         .         08 

Cost  of  breaking  per  ton  .         .         .         09} 


The  coke  thus  manipulated  finds  a  ready  and  constant  market 
as  quickly  as  it  is  produced,  the  result  being  an  average  net  gain 
of  IS.  6d.  per  ton  of  coke. 

Coke,  immediately  on  being  slaked  with  water,  weighs  about 
15  per  cent,  more  than  when  unslaked  ;  the  bulk  of  the  moisture, 
however,  evaporates  ;  about  3  per  cent,  only,  being  retained. 

A  ton  of  coke  is  about  a  chaldron  and  a  half. 

A  chaldron  of  coke  varies  in  weight  from  12J  to  15  cwt. 

For  the  quantity  of  coke  produced  by  different  coals,  see  the 
tables  on  pp.  12  to  18. 

Coai  Tar, — The  yield  of  tar  from  coal  per  ton  in  gas-works 
ranges  up  to  12  gals.,  and  from  cannel  up  to  about  17  gals.  The 
average  production  in  gas-works  throughout  the  country  will  not 
exceed  1 1  gals,  per  ton.  The  total  production  of  coal  tar  in  the 
United  Kingdom  is  probably  about  800,000  tons. 

The  utilization  of  the  tar  for  its  products  is  not  pursued  at 
many  gfas-works,  though  it  is  done  at  a  few,  and,  if  well  managed, 
it  is  a  source  of  profit. 

Considerably  more  skill  and  care  are  required  In  the  distillation 
of  tar  than  in  the  manufacture  of  sulphate  of  ammonia  ;  neverthe- 
less, it  is  safe  to  predict  that  before  many  years  have  elapsed,  this 
branch  of  practical  chemistry  will  be  widely  practised  on  those 
gas-works  where  there  is  space  and  convenience. 
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The  manufacture  on  gas-works  may  be  wisely  restricted  to  the 
distillation  of  the  tar  for  the  light  and  heavy  oils  and  the  produc- 
tion of  anthracene  and  pitch. 

The  principal  dan^'^ers  to  be  apprehended  in  the  process  are  the 
leaking  or  boiling"  over  of  the  stills  and  the  firing  of  vapours,  caus- 
ing conrtagratton,  and  the  stoppage  of  the  pipe  passages  with 
accretions  of  solid  matter,  chiefly  naphthalene,  resulting  in  explo- 
sion; but  these  dangers  can  be  minimized,  or  altogether  averted, 
under  proper  Kupervisioii  and  by  the  use  of  efficient  apparatus. 

The  specific  gravity  of  tar  produced  from  ordinary  coal  ranges 
from  i'i2o  to  I'ljo  ;  that  from  cannel  coal,  from  '980  to  i'o6o 


TABLE 

Showing  about  the  Avemj^c  Proportion  of  the  severat  Products 
obtained  from  the  DistiUation  of  iq^ooo  gallons  of  Coal  Tar. 
{Dr.  Lcthcby,) 


A 


Ainmunincal  )iqui>r 

240"0  gals. 

SoUeiU  naphtha 

41  -8  gai*. 

40  pLT  ceni.  benzol 

344    .. 

Lasi  runnings   . 

12-0    „ 

90       .. 

'  rilch 

531     .. 

Dead  oil   . 

.     36  Ions. 

.   30187    n 

TABLE 


^ 


Showing  the  Average  Percentage  of  the  Products  obtained  from  loO 
Tons  of  Coal  Tar.     [Roscoe. ) 


Naphtha 

Light  oiU  and  carholic  acid 

Heavy  oils,  naphthalene,  anthracene 

ritch 

Water  and  loss        .... 


1 

3'o 

35 -o 
50 -r J 
105 


2'o  pcf  cent. 

o'8  .. 
25-0  „ 
60*0      ,, 

12-2 


100*0       100*0 


Mr.  C.  Greville  Williams  remarks  [King^s  Treatise,  Vol.  Ill 
p.  28t)  that  ••  the  working  results  to  be    obtained  from  a  charjJT'^ 
of  1200  gals,  vary  so  greatly,  according  to  the  nature  of  the  tar 
and  the  care  with  which  the  distillation  has  been  made,  that  it  is 
exceedingly  difficult  to  give  any  average  which  will  be  salisfactorj' 
to   distillers    in    different    parts   of  the    country.     The    following 
figures  are  placed  side  by  side  as  extreme  cases.*' 
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l^ndoti  : 

Lancashire : 

{Chemistry  as 

(Wirsnn  Smith 

1.      afplird  fa  the  Arts 
and  Manufactum) 

Ammoniacal  liquor 

-     Kallc 

3ns         30 

50 

Firet  light  nils 

u 

33 

20 

Second  lighl  oils  . 

•            II 

»57 

20 

Creosote  oils 

K 

104 

250 

Anthracene  oils    . 

,                    ,, 

22q 

50 

rilch    .... 

,      ions              3*25 

4 

The  following  yield  of  bye-products  from  each  ton  of  tar  dis- 
tilled is  given  by  Mr,  Colson  from  his  own  working: — 

Crude  naphtha,  30  per  cent.,  at  120"  C.     .  679gals, 

Cartvjiic  acid,  crude  60'' C.         .....  3*50    „ 

HeaNT  naphtha,  20  pirr  cent.,  ai  160"  C.    .         .         ,  3*55    „ 

Creosote SS'O^    m 

Amrnoniacal  liquor,  lo  rtt.         .  .         .  .  5*00    ,, 

Naphthalene 33*9>  l'^** 

.\nthracone,  33  per  cent     ......  13*60    ,, 

I'itch         .       * 1 2  67  cut. 

The  coals  used  were  best  Derbyshire,  73  per  cent.  ;  South 
Vorkshire,  18  per  cent.  ;  Nottinghamshire  cannel,  9  per  cent,  ; 
and,  carbonized  at  fairly  high  heats,  the  mixture  yielded  10,436 
cub.  ft.  of  17-candle  gas,  12*1  gals,  tarj  and  32*8  gals,  ammoniacal 
liquor  of  10  oz.  strength  per  ton.  The  sulphate  made  per  ton  of 
coal  was  29*82  lbs. 

Tar  Pavement. — This  is  made  of  the  breeze,  ashes,  and  clinker 
of  gas-works  and  mill  furnaces,  along  with  shingle  or  coarsely 
ground  granite,  mixed  with  coal  tar. 

A  coke  Bre  is  first  made  on  the  ground,  and  the  solid  ingre- 
dients cessed  in  a  heap  round  and  over  it  ;  layer  after  layer  being 
gradually  added  as  the  heat  penetrates  through  the  mass,  until 
sufficient  bulk  of  the  material  is  ready. 

If  preferred,  or  if  a  large  quantity  of  material  has  to  be  dried 
and  heated,  a  raised  sheet-iron  floor  may  be  made,  supported  on 
bricks,  with  the  coke  fire  underneath  ;  or  a  permanent  fire-brick 
floor  may  be  constructed,  ramified  with  flues  underneath  leading 
to  a  chimney,  and  having  a  fire  grate  at  one  end. 

In  the  meantime,  whilst  the  solid  ingredients  are  being  dried 
and  heated,  the  tar  is  being  boiled,  and  when  ready,  the  two  are 
taken  and  mixed  together  in  small  heaps  (say  about  three  ordinary 
barrow  loads)  in  the  proportion  by  measure  of  i  part  tar  to  7  parts 
solid. 
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The  whole  is  then  turned  over  immediately  whilst  hot,  and 
thoroughly  mixed,  until  every  particle  of  the  solid  ingredients  has 
received  a  coating"  of  tar. 

The  mixed  material  is  then  sorted  into  three  separate  heaps  of 
graduated  fineness,  by  parsing  it  through  two  sieves,  with  J  in. 
and  J  in.  meshes  respectively.  It  is  now  ready  for  use,  and  may  be 
laid  down  at  once  or  kept  in  stock  for  a  short  lime  until  required. 

It  is  preferred  by  some  to  sort  the  solid  ingredients  before 
mixing  with  the  tar,  as  the  latter  is  liable  to  clog  the  sieves.  In 
this  case  an  ordinary  screen,  J  in.  between  the  bars,  and  supported 
at  an  angle,  is  employed  ;  and  all  that  passes  through  it  is  after- 
wards riddled  through  a  g  in.  sieve. 

The  three  different  grades  of  material  are  then  dried  and  made 
hot  as  described,  and  thoroughly  mixed  with  hot  tar  in  these  pro- 
portions— 

(9  parLTolid}  «^^4&als.  tar  to  i  ton  solid. 

i  I  pan  tar      \ 

lid/ 


1.  Coarse  material 

2.  Riddlings 

3.  Fine  material  . 


I7  parts  solid, 
/  [  part  tai 
1,6  parts  S4 


or  30 


^'"""W-^^ 


The  footpath  being  properly  kerbed,  the  upper  edge  of  the 
stones  Standing  3  in.  above  the  solid  bottom  of  the  path,  the 
rough  prepared  material,  No,  1,  is  put  down  2  in.  thick,  then 
No.  2  about  J  in.  thick,  and  finally  No,  3  about  |  in.  thick.  Each 
layer  as  it  is  put  down  is  rolled  with  a  10  cwt.  roller  until 
thoroughly  consolidated.  Corners  which  cannot  be  reached  by 
the  roller  must  be  consolidated  by  punning.  Derbyshire  spar  or 
fine  granite  sprinkled  over  the  surface  improves  the  appearance 
of  the  pavement. 

Three  tons  of  the  rough  (No.  i)  and  1 J  tons  of  the  fine  pre- 
pared material  (Nos.  2  and  3)  will  cover  60  sq.  yds.,  or  a  footpath 
2  yds.  wide  and  30  yds.  long. 

Ammoniacal  Liquor, — The  quantity  of  liquor  obtained  up  to 
the  outlet  of  the  scrubbers  per  ton  of  coal  carbonized  varies 
from  r5  to  45  gals,  of  10  oz.  strength,  depending  on  the  class 
of  coal  used  and  the  efficiency  of  the  apparatus  for  arresting  the 
ammonia. 

The  product  of  ammoniacal  water  or  liquor,  when  treated  with 
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sulphuric  acid,    is    sulphate   of    ammonia;     when    treated    with 
muriatic  or  hydrochloric  acid,    it  is    muriate  of  ammonia  or  sal 
^Kmmoniac. 

^^      The  manufacture  of  sulph;itc  of  ammonia  from  the  ammoniacal 
liquor  is  fast  becoming  general  in  gas-works,  and  properly  so,  as 
the  process  is  both  simple  and  profitable.     That  it  must  be  more 
profitable  to  use  the  liquor  at  the  place  of  production  than  at  a 
distance  away  is  evident,  taking  into  account  the  saving  of  the 
cost  of  transport  of  a  bulky  material.     The  estimated  annual  make 
of  sulphate  of  ammonia  in  the  United  Kingdom  is  200, ono  tons, 
^h      The  apparatus  required  In  its  manufacture  is  neither  compli- 
^"  cated  nor  costly  ;  the  process  is  free  from  danger  (though  fatal 
accidents  have  occurred  through  carelessness,  or  the  use  of  im- 
perfect appliances),  and  an  intelligent  labourer  can  learn  it  in  a 
•week's  time. 
Sulphate  of  ammonia  is  manufactured  either  by  the  continuous 
or  the  intermittent  system,  and  there  is  much  to  be  said  in  favour 
of  each, 
^H       In  the  continuous   system    (see  FJgs,   248,   249,  and  250)  the 
"^ crude  ammoniacal  liquor  is  first  pumped  up  into  an  overhead  supply 
tank,  and  thence  flows  in  a  regulated  stream  into  a  tubular  heater, 
the  liquor  traversing  the  tubes  which  are  surrounded  by  the  hot 
waste  gases  from  the  saturator.     In  this  way,  raised  to  boiling 
int,  it  goes  forward  into  the  column  still,  which  is  supplied  with 
steam  at  a  regulated  pressure. 

The  upper  portion  of  the  still  consists  of  a  series  of  trays 
having  each  a  cast-iron  hood,  through  the  serrated  edges  of  which 
the  heated  gas  travels  and  parts  with  its  free  ammonia.  De- 
scending into  the  liming  chamber  of  the  still,  the  liquor  mixes 
with  the  cream  of  lime  supplied  thereto  by  means  of  a  force  pump. 
The  limed  liquor  then  flows  into  the  lower  portion  of  the  still,  or 
to  another  smaller  still  adjoining,  and  passing  over  and  through 
a  second  series  of  trays  and  hoods  with  serrated  edges,  the  fixed 
ammonia  is  liberated. 

I  The  term  "free  ammonia"  is  not  strictly  accurate,  but  it  is 
^ell  understood  as  referring  to  the  ammonia  in  combination  with 
the  feeble  acids  sulphuretted  hydrogen  and  carbonic  acid,  as 
ammonia  sulphide  and  carbonate,  and  which  is  liberated  by 
boiling.       The    "  fixed    ammonia,"    on    the    other   hand,    is    that 


fpo 


410 


NBWBKKJING'S   HANDBOOK    FOR 


which  exists  in  combination  with   hydrochloric,   sulphuric,   and 


Vir,.  248. 

Other  strong  acids,  as  ammonia  chloride,  theocyanate,  sulphate, 
thcosulphate,  and  ferrocyanide.     This  is  not  expelled  by  boiling', 


Fl'..  249. 

but  is  liberated  from  these  salts  by  decomposition  in  the  presence 
of  cream  of  lime.     The  proportion  of  free  ammonia  in  the  liquor 


Fk;.  250. 


is  about  70  per  cent.,  and  of  fixed  ammonia  about  30  per  cent,  of 
the  whole. 
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The  ammonia  and  other  gases  escape  by  the  pipe  rising  from 
le  cover  of  the  still,  and  passiny^  iirst  through  a  baffle  box,  to 


have  the  moisture  removed,  they  ^o  forward  mto  the  saturator. 
This  is  made  either  of  solid  virgin  lead  or  is  a  wood  vessel  lead- 
lined,  and  contains  weak  sulphuric  acid,  which,  on  being  suffi- 
ciently saturated  with  the  incoming  ammonia  gas,  precipitates 
sulphate  of  ammonia  in  the  vessel.  The  sulphate  is  then  fished 
out  with  a  scoop^  or  is  discharged  by  mechanical  means,  on  to  a 
lead  draining  table. 

The  spent  liquor  flowing  from  the  still  should  not  contain  more 
than  0*003  P^**  cent,  of  ammonia.  It  is  run  into  a  cooling  and 
depositing  tank,  and  thence  overflows  into  the  drain. 

The  waste  gases,  after  traversing  the  heater,  are  conveyed 
away  by  a  pipe  to  the  condenser,  and  forward,  either  through  an 
open  purifier  containing  oxide  of  iron,  or  through  a  Claus  plant 
for  the  recovery  of  the  sulphur. 

In  actual  practice  the  intermittent  system  is  a  simpler  process, 
the  heat  being  applied  directly  to  a  boiler  containing  ammoniacal 
liquor.  The  firing  is  continued  until  the  ammonia  is  driven  off, 
when  the  residuary  water  is  run  out  of  the  boiler  and  the  vessel 
recharged  with  ammoniacal  liquor.  Steam  is  generated  at  the 
same  time  that  the  ammonia  is  driven  oH,  and  the  two  together 
conducted  to  the  saturator,  from  which  poini  the  processes  are 
similar. 

I  ton  of  average  gas  coal  yields  28  lbs.  of  sulphate  of  ammonia, 
too  tons  ,,  ,,  yield  ij  tons  ,,  ,, 

12     ,,     (2622  gals.)  ammoniacal 
liquor,  5'  Twaddel,  yield  1   Ion  ,,  ,, 

The  strength,  and  consequent  value,  of  ammoniacal  liquor  is 
commonly  ascertained  by  Twaddel's  hydrometer,  and  also  by  the 
quantity  of  sulphuric  acid  of  the  specific  gravity  1845  required  to 
neutralize  the  ammonia  contained  in  i  gal. 

^^m        Each  degree  of  Twaddel  is  equal,  as  nearly  as  possible,  to  2  oz. 

^Hof  acid  per  gallon  of  the  liquor  ;  hence  arises  the  description  of 

^^Bts  value— 

^^B  Water  of  5  degrees  Twaddel  is  called  10  o;e.  liquor. 

^^^^  t9  7  tf  '4 

And  so  on,  at  the  rate  of  2  oz.  for  each  degreCt  so  that   10  oz.. 
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12  oz.,  or  14  oz.  liquor  means  ammontacal  liquor  of  such  a  strcngtV^ 
that  10  oz.,   12  oz.,   or  14   oz.   of  sLilphuric  acid,    of  the  specifi.^ 
gravity  of  1845,  are  required  to  neutralize  the  ammonia  containe-^^ 
in   a  gallon  of  it.       Kach   ounce  strength   is   equal   to  0*347  o^^st. 
ammonia  per  gallon  of  liquor. 

To  convert  degrees  of  Twaddel's  hydrometer  into  specif^^Bc 
gravity,  multiply  the  number  of  degrees  by  5  and  add  1000  '  ^Q 
the  product. 

Example. — Twaddel  6x5+  1000=  1030  specific  gravity. 

To  convert  specific  gravity  into  degrees  of  Twaddel,  dcdiici^"Cl 
1000  from  the  specific  gravity,  and  divide  the  remainder  by  5. 

Example.  —  Specific  gravity  1050  -  1000  -7-5  =  6  d^rees  cn^*?' 
Twaddel. 

To  determine  the  weight  of  a  gallon  of  ammoniacal  liquor  c ^^^ 

any  strength,  find  the  specific  gravity  by  the  above  rule.  This  ui  SH 
represent  the  number  of  ounces  avoirdupois  in  weight  per  cubtS'  *»c 
foot.  Divide  by  16  to  ascertain  the  number  of  F>ounds  per  cubist  ic 
foot,  and  by  6*25  (gallons  per  cubic  foot)  for  the  weight  of 
gallon  of  the  liquor. 

Example. — Required   weight  per  gallon  of  10  oz.    liquor  ( 
Twaddel), 

(5x5)  +  1000=  1025,  specific  gravity  and  weight  per  cubic  fo 
in  ounces  avoirdupois. 

__   5_(3^.q(3^  ]Jj5    pet-  cubic  foot. 
16 

^ — ^-  10*25  ^^^'  weight  per  gal.  of  10  oz.  liquor. 
6-25 

Or  the  weight  may  be  found  more  expeditiously  by  the  rule  givei 

on  p.  414,  immediately  after  the  next  table. 

It  is  well  known  that  the  greater  the  proportion  of  ammoniacalC 
gas  contained  in  a  pure  solution,  the  less  the  density  or  specific^^^  ^ 
gravity  of  such  solution.  How,  then,  it  may  be  asked,  is-^^^" 
the  apparent  contradiction  to  be  explained,  that  the  larger  the  '=^-*' 
quantity  of  ammonia  contained  in  gas  liquor,  the  greater  the 
density  ? 

The  explanation  is  to  be  found  in  the  circumstance  that  gas-^^ 
liquor  is  not  a  solution  of  ammonia  pure  and  simple,  but  contains^ 
other  gases  in  solution,  and  in  combination  with  the  ammonia  in* 
the   form    of  salts,   which  increase  its  specific  gravity  ;   and  the: 
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ammonia  liquor  contains,  the  greater  is  its  power  of  arrest- 
ing and  absorbing  such  other  gases. 

It  is  by  reason  of  this  latter-mentioned  fuct  that  Twaddel's 
hydrometer  is  tolerated  as  a  gauge  of  the  strength  and  value  of 
the  ammoniaca!  Hquor  of  gas-works.  At  the  best,  however,  its 
employment  for  this  purpose  is  very  unsatisfactory. 

The  method  of  testing  by  saturating  ihc  liquor  with  sulphuric 
acid  is  an  improvement  on  the  liydrometer ;  but  even  that  is 
imperfect,  as  has  been  pointed  out  by  Mr.  Greville,  who  ascer- 
tained by  experiments  on  nine  different  samples  of  liquor  that  an 


TABLE 

Showing'  the  Specific  Gravity ^  VVeighi  per  Cubic  Fooi^  Weight  per 
Gallon^  and  Ounce  Strength  of  Ammoniaca  I  or  Gas  Liquor  of 
different  degrees  Twaddet, 


Specific  Gravity 
WalLT  =  looo 
and  Weight 

Swcirtc  Gmvily 
W,'iier=iooo 
tttifl  Weight 

[icrCiiljic  root 
in  Ounces 

Dorrccrs 

Twaddel 
Uquur. 

Ounce 

Degrees 

1  i\.,..<i^..i 

Weight 
per 

Ouncr 

per  Cubic  l-ool 
in  Ounces 

G^illnn. 

lU. 

Strength.  iLr—; 

Gallon. 

StreHBlk 

Avoirdupois. 

to'o 

Ax-oirdupois. 

0 

lOOO 

«      ^1      ift| 

io6a'5 

10*635 

25 

\ 

10O2'5 

10-035 

«      1!      >3. 

1065 

10*65 

a6 

1 

1005 

10-05 

»            134 

10675 

10*675 

^7 

>1 

1007-5 

I0-07S 

3      (1      >4, 

1070 

io'7 

aS 

a 

1010 

lO'I 

4      i       I4| 

10735 

10*725 

39 

a* 

101 3 '5 

10125 

s 

,      'S^ 

'07s 

«o'7S 

30 

3, 

1015 

10*15 

6 

1     is4 

«o77S 

<o'77S 

.?t 

3i 

IOI7S 

10-175 

7 

'^ 

1080 

10*8 

33 

4. 

I030 

10*3 

8 

16) 

1062-5 

lo-flas 

33 

4 

io2a-5 

10-225 

9 

1       '7. 

1085 

10-85 

34 

s, 

10J5 

lo-iS 

to 

'2* 

1087-5 

10*875 

35 

Si 

'037  5 

10-275 

x\ 

\    18 

1090 

io'9 

36 

6 

1030 

10-3 

za 

i8i 

1092-5 

10-935 

37 

64 

«033S 

10-325 

13             19 

»^5 

io*9S 

38 

7 

1035 

io"3S 

14 

»94 

»097'5 

«o*975 

39  V 

74 

1037  s 

10-375 

ts 

30 

1 100 

II'O 

40  1 

H 

IQl»0 

to'4 

t6       1      aci 

1 103  5 

ii*ofls 

41  1 

8i 

1043-5 

10-425 

17          1         21 

1 105 

11*05 

4a 

9, 

1045 

10 '4  s 

IB           ,         31) 

<  107-5 

"•07s 

43 

ii 

io47'5 

10-475 

19 

32 

[  tlG 

11*1 

44 

10 

1050 

10-5 

ao 

"* 

'H3S 

11  135 

45 

'o4 

1052  5 

10-525 

3t 

33^ 

III5 

xi-15 

46 

11 

105  s 

»o-55 

33 

33i 

"'7*5 

"•'75 

47 

"i 

<0S7"5 

10*575 

33         >        34 

I13U 

11*2 

48 

13 

1060 

10 -6 

=H             as 

1135 

11*35 

50 
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average  of  22*5  per  cent,  of  the  ammonia  present  in  combination 
was  not  indicated  by  the  acid. 

The  mode  of  testing  by  Mr.  Thomas  Wills  meets  the  diflTicuIty. 
His  plan  is  to  mix  with  the  liquor  a  caustic  alkali  for  which  the 
acids  of  the  salts  contained  in  the  liquor  have  a  strong"er  affinity  than 
for  the  ammonia  with  which  they  are  combined.  On  the  mixture 
being  strongly  heated,  the  salts  are  decomposed  in  presence  of  the 
caustic  alkali,  and  the  ammonia  being  driven  off  in  the  gaseous  state 
and  conveyed  into  a  solution  of  sulphuric  acid  is  secured  as  sul- 
phate of  ammonia.  This  and  the  other  methods  of  testing  are  fully 
detailed  by  Mr.  Hartley  in  his  brochure  on  Ar/wiofiia  Liquor  Tests, 

It  will  be  seen  by  the  table  on  the  preceding  page  that  the 
weight  of  the  liquor  in  pounds  avoirdupois  per  gallon  is  obtained 
by  simply  placing  the  decimal  point  after  the  first  two  figures 
of  the  number  representing  the  specific  gravity.  Thus,  liquor  of 
1025  specific  gravity  is  10-25  ^^^-  ►  ^"<^  o^  *'^37*5  specific  gravity 
is  10*375  lbs.  weight  per  gallon. 

Each  degree  of  Twaddel  represents  350  grs.  above  the  weight 
of  distilled  water.  Consequently!  5  degrees  represent  1750  grs., 
or  J  lb,;   20  degrees,  7000  grs.,  or  1  lb. 

In  Beaume's  hydrometer,  which  was  the  first  instrument  of 
the  kind,  the  divisions  are  equidistant  ;  and  it  has  two  modes  of 
graduation  according  as  it  is  intended  for  liquids  heavier  or  lighter 
than  water.  This  instrument  is  the  one  principally  in  use  on  the 
Continent. 

Sulphur  Recovery. — Claus's  plant,  made  by  C.  &  W.Walker, 
for  the  recovery  of  sulphur  in  a  marketable  form  from  the  sulphur- 
etted hydrogen  passing  from  the  saturator  in  the  manufacture  of 
sulphate  of  ammonia,  is  not  only  efficient  for  the  purpose,  but  it 
possesses  the  further  merit  of  simplicity. 

The  hot  gases  from  the  saturator  are  passed  through  the  heater 
of  the  sulphate  plant,  where  they  are  partially  cooled  in  heating 
the  liquor  flowing  towards  the  still,  and  thence  through  the  con- 
denser, where  they  are  cooled  to  the  temperature  of  the  air.  They 
then  pass  into  the  air  inlet  box,  into  which  air  is  pumped  in  the 
proportion  of  2J  parts  air  to  the  sulphuretted  hydrogen.  The 
mixture  of  gas  and  air  then  enters  the  kiln,  which  is  of  wroughl- 
iron  lined  with  fire-bricks,  and  having  a  fire-brick  grate  on  which 
rests  a  layer  of  loose  broken  fire-bricks  covered  with  a  layer  of 
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Beaum^\^  Hydronu^/er  (■ompated  with  Specific  Gravity, 
For  Liquids  Heavier  than   Water. 


Degreo 
Beaum^ 

S|)i.x-iftc 

Gravity. 

Wutcr=  looo. 

Degrees 

Speciiic 

Gnivily. 

Wfttcr  =  xooo. 

Degrees 
Beauiu^. 

Specific 

Gravity. 

Waters  xooo. 

I  ooo 

36 

I'306 

1         53 

I'530 

I  007 

*z 

I'3l6 

'          53 

I -535 

1*013 

a8 

i-aas 

54 

<*5S> 

I  oao 

*? 

1-235 

55 

1-567 

l'037 

30 

I  245 

56 

i*5«3 

\ 

«'034 

3< 

1-356 

57 

r-6oo 

I  041 

3» 

ra67 

58 

1-617 

7 

I  048 

33 

i-a77 

g 

»'634 

• 

1056 

34 

i-aSB 

I -653 

9 

1-063 

35 

raw 

6t 

1*670 

to 

1-070 

36 

I '310 

6a 

1689 

II 

I  078 

37 

I  321 

63 

1-708 

18 

1085 

38 

:'333 

64 

1737 

«S 

to94 

3<? 

I '345 

^l 

«747 

M 

IIOI 

40 

1-357 

66 

1767 

*5 

1109 

41 

^369 

1          ^ 

1788 

|6 

rii8 

43 

r^8i 

1          68 

t-809 

'2 

I    136 

43 

1-395 

69 

1-831 

x8 

II34 

44 

1-407 

70 

1-854 

«9 

1  »43 

4?; 

i*4ao 

71 

1*877 

20 

1  tsa 

46 

1434 

73 

1*900 

at 

ixbo 

47 

1-448 

73 

1*944 

^3 

i'.69 

48 

1-463 

74 

1-949 

aa 

1-178 

49 

I  476 

75 

1*974 

34 

ri88 

50 

r'490 

76 

a '000 

a; 

1-197 

S« 

f49S 

1 

1 

hydrated  oxide  of  tron  about  3  ft.  deep.  Passing-  down  through 
the  oxide  of  iron,  the  oxygen  of  the  air  combines  with  the  hytlrogen 
of  the  H^,S,  forming-  water,  leaving'  the  sulphur  to  unite  with  the 
iron,  forming  sulphide  of  iron,  which  is  immediately  reoxydized  by 
the  air.  The  reaction  takes  place  with  such  rapidity  that  the 
mass  of  oxide  becomes  incandescent,  the  heat  so  caused  volatilizing 
the  sulphur,  which  goes  forward  with  the  other  gases  through  the 
fire-brick  grating  at  the  bottom  of  the  kiln  into  the  depositing 
chamber.  This  chamber  is  built  of  ordinary  brickwork,  excepting 
the  portion  nearest  the  kiln,  which  has  a  lining  of  fire-brick.  \ 
number  of  transverse  baffle  walls  in  the  chamber  retard  the  flow  of 
the  gas  and  finely  divided  sulphur,  cooling  the  latter  and  causing 
its  deposition. 

The  chamber  is  covered  with  slate  slabs,  and  in  the  side  walls 
are  doorways  for  clearing  out  the  sulphur  at  intervals. 
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Beaumti*s  Hydrotticicr  Compared  with  Specific  Gravity. 
For  Liqttitis  Lighter  than   Wtiter, 


Degrees 
Beauni^. 

'       Specific 
GravTly. 
Waters  1000. 

Specific 

Gravity. 

WattT=iooo. 

l>ijre«» 
beaumd 

'        Specific 
Waters  io«=30. 

XQ 

»7 

0896 

44 

0-811 

IX 

o'993 

a8 

0*890 

4S 

0*807 

13 

0*986 

39 

o*88^ 

46 

o*8oa 

13 

0-980 

30 

0-880 

47 

0798 

14 

0-973 

3» 

0-874 

48 

o'794 

Jl 

0967 

33 

0*869 

49 

0789 

0-960 

33 

0*864          1 

50 

0785 

'7 

o*9S4 

34 

0-859          1 

S« 

0-781 

t8 

0-948          1 

35 

0-854          1 

52 

0-777 

19 

0-942 

36 

0*849 

53 

°77S 

ao 

0*936 

37 

0-844          1 

54 

0*768 

SI 

0-930 

38 

0*839 

% 

0-764 

89 

0-9^4 

39 

0*834 

0*760 

33 

0*918 

40 

0*830 

57 

o*7S7 

»4 

0-913 

41 

0*825 

58 

0753 

»S 

0-907 

4a 

0*830 

59 

0749 

s6 

o-yoi         ' 

43 

0*816 

60 

0745 

The  waste  gas  remaining  passes  through  a  cast-iron  scrubb^^^^ 
filled  with  limestone,  down  which  a  small  stream  of  water  i  ^•^ 
constantly  flowing,  and  in  this  any  sulphurous  acid  gas  which  ma;:^  -y 
be  present  is  arrested.  Finally,  an  open  purifier  filled  with  oxid^^  ^ 
of  iron  receives  the  spent  gas,  and  arrests  any  HS  that  may  hav^^  ^ 
escaped  decomposition,  whilst  the  remaining  innocuous  gas  escapct^^  '* 
into  the  air. 

Should  there  be  an  excess  or  insufliciency  of  air  delivered  ini 
the  kiln  vvitli  the  foul  gases,   the  outlet  gas  of  the  chamber  wilt 
contain  traces  of  sulphurous  acid  ov  sulphuretted  liydrogen,  which 
are  taken  up  respectively  by  the  limestone  scrubber  and  the  oxid 
purifier. 

Under  proper  conditions  of  working,  the  yield  of  marketable 
sulphur  reaches  90  per  cent,  of  the  sulphur  passing  into  the  kiln, 
and  is  of  very  pure  quality.  In  Figs.  248,  249,  and  250  are  shown 
C.  &  W.  Walker's  sulphate  of  ammonia  plant,  and  the  Glaus 
sulphur  recovery  plant  alongside. 

Cyanogen, — The  presence  of  cyanogen  in  coal  gas  has  long 
been  known,  but  it  is  only  in  recent  years  that  its  recovery  has 
been  commercially  profitable,  owing  to  the  development  of  the  use 
of  potassium  cyanide  in   the  cyanide  process  of  gold  extraction, 
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sind  the  increased  quantity  in  the  ifas  due  to  higher  temperatures 
Ol' carbonization  and  Ifmi,atr  hours  of  distillalion. 

Much  has  been  wrilltn  as  tc;  the  condition  in  which  cyanojren 
is  present  in  the  crude  ^as.  There  is  little  duubtt  however,  that 
fit  exists  as  combined  or  dissociated  ammonium  cyanide.  We  know 
little  of  the  chemistry  of  the  formation  of  this  body  in  coal  distil- 
lation, except  thai  the  hij^her  the  temperature  and  the  longer 
the  time  of  carbonization,  the  larger  the  yield  of  cyanogen.  A 
temperature  of  over  1750'  Fahr.  must  be  attaitved,  and  the  forma- 
tion of  cyanogen  reaches  its  maximum  at  the  end  of  the  distilla- 
tion ;  hence  the  much  larger  production  in  a  six  hours'  as  against 
Xk  four  hours'  charge. 

With  regard  to  the  yield  of  cyanogen  per  ton  of  coal,  this 
^•aries  with  the  coal  used  ;  German  coals  yielding  less  than 
S*)nglish  coals,  which  also  vary  with  the  district  of  supply.  The 
average  yield  is  from  3  to  4  lbs.  of  crystallized  potassium  ferro- 
^:yanide  per  ton  of  coal  distilled. 

There  are  three  methods  at  present  in  use  for  obtaining  this 
residual  product  in  a  marketable  form.  They  are  all  based  upon 
the  fixing  of  the  cyanogen,  either  as  a  crude  iron  ferrocyanide,  or 
3a  ferrocyanide  of  an  alkali,  or  alkaline  earth. 

By  the  first  method,  the  production  of  Prussian  blue  in  the 
oxide  of  iron  purifying  material  is  facilitated  ;  and  alter  the  oxide 
as  spent,  it  is  lixiviated  with  an  alkali,  the  solution  being  then 
'worked  up  into  either  the  potash  or  soda  salt  of  the  ferrocyanide 
required. 

By  the  second  method,  a  salt  of  iron  is  added  to  the  ammoniacal 
liquor  employed  in  scrubbing  the  gas  in  the  ordinary  scrubbers  or 
washers,  whereby  a  double  ferrocyanide  of  iron  and  ammonium 
is  formed  in  the  liquor ;  whence,  after  the  ammonia  has  been 
distilled  off  with  lime,  it  is  turned  into  the  insoluble  double  salts 
of  calcium  potassium  or  ammonium  ferrocyanide,  by  addition  of 
-the  respective  chlorides  of  potassium  or  ammonia,  After  filtering 
off,  these  can  be  readily  converted  into  either  potassium  or  sodium 
ferrocyanide. 

By  the  third  method  of  recovery,   a  special   scrubber  is  em- 
ployed after   the  ordinary  apparatus   for   the   extraction   of  the 
ammonia,  and  before  the  purifiers  proper.     In  this  vessel  the  gas 
is  scrubbed  with  a  solution  of  soda  holding  an  iron  salt  or  salts  in 
i  37 
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suspension.  Ferrocyanide  of  sodium  is  tliereby  formed  directly  in 
the  scrubbing;  liquid,  whence  it  can  be  obtained,  but  in  a  crude 
and  impure  cake,  by  simple  evapcu-aiion. 

When  gxidc  of  iron  is  used  in  purification,  the  cyanojjen  is 
caug-ht  and  transformed  into  a  compound — a  varying  mixture 
of  cyanogen,  iron,  and  ammonia — a  crude  form  of  Prussian 
blue. 

The  presence  of  combined  ammonia  iti  all  oxides  containing^ 
blut%  appears  to  justify  the  assumption  that  the  presence  of  insoluble 
ammonia  in  spent  oxide  is  essential  to  the  existence  therein  of  the 
cyanogen  compound. 

In  recovering  the  cyanogen  by  oxide,  the  following  points 
must  be  kept  in  view,  otherwise  much  of  the  material  may  be 
caught  elsewhere,  destroyed,  or  turned  into  less  valuable  pro- 
ducts. It  is  very  essential  that  the  gas  be  not  overwashed  with 
strong  ammoniacal  liquor,  as  the  ammonium  sulphide  has  a  great 
tendency  to  form  ammonium  sulphocyanide  with  the  cyanogen. 

Air  for  revivification  in  sittt  must  on  no  account  be  introduced 
before  the  washers,  as  the  oxygen  liberates  free  sulphur,  which 
combines  again  with  the  ammonium  sulphide  to  form  polysulphide 
— a  very  energetic  absorber  of  the  cyanogen.  Entrance  of 
air,  due  to  faulty  plant,  may  also  account  for  a  large  loss.  The 
following  analysis  by  A.  O.  Nauss,  Carlsruhe  Gas- Works,  shows 
the  loss  that  may  take  place  from  this  cause  : — 


Al  the  iiullcl  III 

Tar  extractor 

Scrubber   . 
Purifiers     . 


Pounds  of  cyanogen  calculated  as 
potassium  ferrocyanide  per 
10,000  fl.  of  gas. 
2*68  lbs.         100  per  cent. 
1-86    ,,  69         „ 

017    ,,  6         ,, 
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So  that  over  30  per  cent,  is  lost  in  the  ammoniacal  liquor.  In 
order  to  get  a  good  yield  of  cyanogen  in  the  oxide,  the  ammoniacal 
liquor  should  not  contain  more  than  about  c  15  percent,  ammonium 
sulphocyanide,  which  is  the  average  of  several  gas-works  where 
material  rich  in  cyanogen  is  obtained.  In  works  where  the  gas  is 
overwashed  and  air  introduced  before  the  washers,  as  much  as 
I  per  cent,  of  ammonium  sulphocyanide  is  easily  reached,  which 
corresponds  to  about  2'^  lbs.  of  potassium  ferrocyanide  per  ton 
of  coal  distilled — representing  a  loss  of  over  half  the  cyanogen 
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present.  It  has  been  found  that  if"  the  ammonia  washers  are 
worked  specially  for  cyanogen  recovery  in  the  oxide,  the  amount 
absorbed  in  this  process  may  be  reduced  to  i  per  cent,  of  the 
total  cyanogen  present.  The  more  efficient  an  ammonia  washer 
is,  and  therefore  the  shorter  the  time  the  gas  is  in  contact  with 
the  ammoniacal  liquor,  the  smaller  will  be  the  loss  of  cyanogen  in 
this  part  of  the  process.  Rotary  standard  washers  are  therefore 
better  than  the  upright  scrubber.  In  working  the  purifiers  for 
cyanogen,  Dr.  Leybold,  in  his  CytiNo^en  in  Gtis  Mmtv/acfurct 
1893,  recommends  the  slow  passage  of  the  gas  through  the 
puritiers,  and  that  the  gas  must  be  nearly  free  from  ammonia 
before  entering  these.  Oxides  which  contain  large  amounts  of 
ammonia  nearly  always  contain  a  very  large  proportion  of  the 
cyanogen  as  sulphocyanidc,  which  is  formed  by  the  following 
equation  : — 

zAmCn  +  FeS  =  FeCn™  +  A  m«S 
Am.,S  +  S.,  =  AniviS^ 
2AmCn  +  Am.jSy=  2AmCnS  +  Am^S 
the  sulphur  being  obtained  from  the  ferric  hydrate  turning  into 
FeS  +  S,  the  sulphur  therefore  is  in  statu  nasceniti  and  very  active. 
On    emptying    the    purifiers,    care    must    be   taken   that    the 
material  does  not  get  too  hot,  otherwise  the  Prussian  blue  com- 
pound may  be  decomposed.     It  is  best  to  spread  immediately  and 
keep  the  mass  well  moistened. 

That  oxide  of  iron  is  a  very  efficient  absorbing  material  can  be 
seen  from  the  following  table  ;  and  if  the  various  possible  causes 
of  loss  axe  guarded  against,  the  process  leaves  little  to  be  desired 
•AS  an  economical  and  simple  method  of  recovery. 


rounds  potassium  fuTTocyanidt:  per 
lO.ouo  ft.  of  gas. 

At  outlet  of  washers 
,,            purifier  i 
t»                 II        2        . 
»»                •»        3       • 

4^64  lbs.           100  per  cent, 
37>     ^.              80 
2-46    ,,              53 
0-46    ,,              10        „ 

The  oxide  in  use  contained — 

Moisture    . 

Sulphur 

NH.(  .... 

Blue — Fe^Cnjg- 

,     i2'5  per  cent. 

•     397 

-       0-24       ,, 

.87 
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The  source  of  the  fresh  hyd  rated  oxide  of  iron,  whether  natural 
or  artificial^  exerls  no  iiilliience  on  the  cyanog^en  recovered,  nor 
the  addition  of  up  to  2  per  cent,  of  air  in  revivification  in  \i!u, 
provided  the  air  be  added  after  the  washers. 

Applications  of  Sulphate  of  Ammonia  in  Agriculture.— SU. 
W.  Arnold  gives  the  lollowtng  gener^il  directions  for  the  applica- 
tion of  fciulphate  of  ammoniii  in  ag-iicultiire,  and  a  list  of  the  crops 
for  which  it  is  most  suitable:  — 

Sulphate  of  ammonia  is  one  of  the  most  powerful  fertilizers 
known  to  modern  science.  It  is  especially  rich  in  nitrogen  ;  and 
when  used  either  by  itself  or  in  coniunction  willi  farmyard  manure. 
its  good  effects  are  written  so  plainly  in  better  quality  and  largely 
increased  yield  of  corn,  that  no  farmer  who  has  once  used  iti^'ill 
ever  give  it  up,  but  will,  on  the  contrary,  annually  increase  its  use 
upon  his  farm. 

When  bought  at  first  hand  from  a  gas-works,  sulphate  of 
ammonia  is  guaranteed  to  contain  more  than  fwettty  per  cent,of 
nitroj^cn.  Hence  its  excellent  effect  upon  all  corn  crops,  which  is 
chiefly  expended  in  increasing  the  yield  of  grain,  but  not  the  straw; 
and  there  is,  therefore,  much  less  risk  of  *' lodging"  from  heavy 
rains.  This  is  a  very  important  advantage.  Then,  manure  rich 
in  nitrogen  increases  the  proportion  of  gluten  in  cereals  ;  and  this 
increase  is  stated  by  Boussingault  to  be  as  much  as  ro  per  cent. 
With  an  increase,  therefore,  of  ro  per  cent,  in  quality  and  of 
ao  per  cent,  in  yield,  the  use  of  sulphate  of  ammonia  ought  to  be 
increased  tenfold,  to  the  great  advantage  of  the  Hng-lish  farmer, 
for  both  may  be  done. 

The  most  suitable  dressing  is  one  of  from  2  to  3  cwt.  per  acre. 
mixed  with  an  equal  weight  of  fine  dry  earth  or  sand,  and  applied 
early  in  the  spring  (say  March  or  April),  in  moist  or  shower)' 
weather.  It  should  be  thoroughly  mixed  in  a  barn  or  dry  shed, 
and,  if  at  all  lumpy,  beaten  with  a  shovel,  and  passed  through  a 
45-mesh  riddle.  It  should  be  carefully  sown  by  hand,  or,  if  in 
large  quantities,  with  a  manure  drill.  If  wheat  is  to  be  grown 
entirely  with  sulphate  of  ammonia,  it  is  better  to  put  it  on  in  two 
dressings — one  half  in  autumn  and  the  other  half  in  spring. 

Upland  or  meadow  grass,  wheat,  barley,  oats,  rye,  colza,  hemp. 
mangel-wurzel,  cabbages,  hops,  garden  produce  generally,  and 
beetroot  (when   grown   for   sugar),  are   the   crops   most   largfely 
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benefited  by  this  manure;  simply  because  nitrogen,  which  is  its 
dominant  element,  enters  lar^jely  into  iheir  composition.  For 
instance,  colza,  hemp,  and  beetroot  require  each  of  them  70  lbs. 
per  acre  of  nitrogen  to  produce  a  full  and  healthy  crop  ;  wheat, 
53  lbs.;  and  barley,  oats,  and  rye,  35  lbs.  per  acre  each. 

Beans,  peas,  sainfoin,  or  clover,  in  which  potash  is  the  domi- 
nant element,  are  not  benefited  by  an  application  of  sulphate  of 
ammonia,  but  almost  all  other  crops  that  can  be  grown  will  richly 
repay  its  use. 

In  the  case  of  a  crop  thinned  out  by  wireworm,  the  ravages  of 
birds  or  insects,  or  by  a  severe  winter,  the  application  of  2  cwt.  of 
sulphate  of  ammonia  early  in  the  spring,  and  Irghliy  harrowed  in. 
will,  in  many  cases,  cause  a  crop  thai  looked  only  fit  to  plough 
up,  to  tiller  freely,  and  grow  away  into  a  full  yield  of  corn  for  the 
district. 
B  Mr.  Magnus  Ohren  states  the  exact  quantity  of  sulphate  of 
ammonia  which  he  considers  is  required  for  different  crops  as 
follows  :  — 

IForQrass  Land,      ik  cwt.  per  acre,  to  be  put  on  the  land  in 
the  month  of  April,  before  or  after  a  shower  of  rain. 
For  Wheats  Oats,  and  Barley.  —  i  cwt.  per  acre  for  wheat,  in 
April;   \  cwt.   per  acre  for  oats,  in   April;   i\  cwt.  per  acre  for 
barley,  in  April. 
H       For  Vines, — 1   bus.  on  the  vine  border,  lightly  forked  in,  in 
"^  the  months  of  March,  April,  May,  and  September.     This  quantity 
(i  bus.)  to  be  for  the  nourishment  of  four  vines. 

For  Onion   Beds^^A   good   sprinkling  over  the  beds  two  or 

•  three  times  during  the  growth  of  the  onions. 
For  Potatoes. — ij  cwt.  per  acre  as  a  top  dressing,  before  the 
haulms  appear  above  ground. 

For  Greenhouse  Plants. — A  large  teacupful   in   a  bucket  of 
water,  to  water  the  greenhouse  plants  with  twice  a  week.     Not  to 

» be  used,  however,  for  heaths,  rhododendrons,  or  orchids. 
For  Peach,  Apricot,  Plum,  Currant,  and  Gooseberry  Trees, — 
A  similar   solution   to  that   given  for  greenhouse   plants,   in   the 
months  of  March,  April,  and  May.     Kose  trees  and  garden  plants 
nerally  are  benefited  by  the  use  of  the  solution.    Celery,  cabbages, 
and  cauliflowers  :iIso  grow  well  when  watered  with  the  solution. 
For  the  Raising  of  healthy  Plants  from  Seeds. — Sprinkle  a 
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good  quantity  of  the  sulphate  on  the  seed  beds,  and  then  water 
them  a  week  before  sowing*  the  seeds.  Melons  and  cucumber 
plants  also  are  much  benefited  by  the  sulphate  of  ammonia- 

Note,  -All  vegetation,  excepting  heaths,  rhododendrons,  and 
orchids,  is  rendered  more  luxuriant,  healthier,  and  consequently 
freer  from  the  destructive  attacks  of  insects,  by  the  use  of  sulphate 
of  ammonia.  In  the  spring  of  the  year  vegetation  requires  a 
condensed  antiseptic  and  nourishing  food  to  enable  it  to  with- 
stand the  blighting  effects  of  the  north-easterly  winds,  which, 
being  the  least  electrical  of  all  the  winds,  lower  its  vitality  and 
thus  conduce  to  disease. 

The  comparative  manurtal  value  of  equal  weights  of  sulphate 
of  ammonia  and  nitrate  of  soda,  based  on  their  nitrogen  contents. 
is  as  follows  : — 

Sulphate.  Nitrate. 

Containing  24  per  cent. 

Ammonia.  95  per  cent,  purity. 

I  000  .  ,  .         ,  0*792 

I  '263  ....  I'OOO 

Spent  Oxide  of /ron.— The  oxide  of  iron  used  in  gas  purifica- 
tion may  be  considered  as  *' spent"  when  the  quantity  of  free 
sulphur  contained  in  it  ranges  between  45  and  55  per  cent,  by 
weight  of  the  whole  bulk  of  the  material. 

Although  by  continuing  to  use  it  tliu  proportion  of  sulphur  can 
be  increased,  it  is  not  economical  to  do  ibis  beyond  a  certain  point, 
as  the  purifiers  would  have  to  be  changed  more  frequently,  and 
the  labour  required  for  that  purpose  would  be  out  of  proportion 
to  the  benefit  derived.  If,  however  (see  an/c,  pp.  131  to  134). 
a  small  proportion  of  air  or  oxygen  is  sent  through  the  purifiers 
along  with  the  gas,  revivification  ///  si/u  is  efi'ected,  and  the  oxide 
can  be  charged  with  75  per  cent,  of  free  sulphur. 

In  addition  to  the  siiJphtir,  the  spent  oxide  usually  contains 
a  small  percentage  of  sails  of  ammonia,  and  some  insoluble 
cyanides  of  iron,  which  are  of  value. 

The  spent  oxide  is  generally  sold  at  per  unit  of  contained 
sulphur. 

Mr.  Andrew  Stephenson  devised  a  handy  apparatus  (Fig.  2$t) 
for  estimating  the  amount  of  sulphur  in  the  oxide,  and  gives  the 
following  instructions  for  using  the  same. 
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Weigh  loo  grs.  of  spent  oxide,  dry  at  212**  Fahr.,  and  weigh 
to  ascertain  moisture  ;  put  the  dried  material  in  the  test  tube,  A, 
which  is  provided  at  the  bottom  with  a  filter  of  cotton  wool. 

Bisulphide  of  carbon  is  then  blown  from  the  holder,  B,  into 
the  test  tube,  A,  on  top  of  the  spent  oxide.  It  percolates  the 
mass  gradually,  and  dissolves  out  the  sulphur  ;  the  solution  find- 
ing its  way  by  gravitation  into  the  flask,  C,  which  is  placed  in  a 
water  bath. 

The  Bunsen  burner  is  then  lighted,  and  the  application  of  heat 
soon  vaporizes  the  bisulphide  of  carbon  from  the  flask,  C.  The 
vapour  flnds  its  way  through  the  connecting  tube  into  the  con- 
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denser,  and  is  recovered  in  the  receiver,  D,  under  water,  ready 
for  further  use. 

The  sulphur  is  left  in  the  flask  (the  weight  of  which  has  been 
previously  noted),  and  when  all  the  bisulphide  of  carbon  is  driven 
off,  the  quantity  of  sulphur  may  be  ascertained. 

Fit  the  Alter  in  the  test  tube  with  care.  If  too  tight,  it  will 
prevent  flltration ;  if  too  loose,  it  will  permit  some  of  the  oxide 
to  pass  through. 

Three  or  four  times  the  bulk  of  the  oxide  is  about  the  propor- 
tion of  bisulphide  of  carbon  necessary  to  dissolve  out  all  the 
sulphur. 
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It  must  always  be  borne  in  mind  that  bisulphide  of  carbon  is 
very  innammiible,  and  in  the  gaseous  state  when  mixed  with  air 
in  certain  proportions  it  is  explosive.  The  bisulphide  in  the 
holder,  B,  should  be  covered  with  water. 

It  is  best  to  melt  the  sulphur  in  the  flask  before  weighing,  to 
drive  oflT  all  bisulphide  of  carbon. 

Gas  Lime:  its  Composition^  and  Use  in  Agricuiturc, — In 
a  valuable  paper  on  gas  lime,  published  in  the  Journal  of  Gas 
Lighiiptg;t^  Professor  Voelcker  states  that  a  copious  supply  of  air 
is  necessary  to  transform  the  injurious  sulphur  compounds  con- 
tained in  the  material  into  fertilizing  agents. 

When  exposed  to  the  air  (and  the  longer  it  is  kept  exposed 
the  better),  gas  lime  is  in  some  respects  superior  to  quicklime  as 
a  manure. 

The  oxygen  of  the  atmosphere  destroys  the  offensive  smell, 
and  changes  the  sulphuret  of  calcium  in  it — first  into  sulphite, 
and  Hnally  into  sulphate  of  lime  or  gypsum,  well  known  as  a 
valuable  fertilizing  substance. 

In  addition  to  its  chemical  virtues,  gas  lime  exercises  a  bene- 
ficial wfr/r«;//<Y// effect  upon  land,  by  rendering  stiff,  heavy,  clayey 
land  more  porous  and  friable,  and  by  consolidating  light  sandy 
soils. 

The  crops  which  are  particularly  benefited  by  gas  lime  are  : 
Clover,  sainfoin,  lucerne,  peas,  beans,  vetches,  and  turnips.  It 
is  a  useful  fertilizer  for  permanent  pasture,  destroying  the  coarser 
grasses  and  favouring  the  growth  of  a  sweeter  and  more  nutri- 
tious herbage. 

It  kills  moss,  heath,  feather  grass,  and  other  plants  character- 
istic of  f»eaty  land,  its  application  to  which  cannot  be  too  strongly 
recommended. 

As  a  general  rule,  two  tons  per  acre  is  the  quantity  of  gas 
lime  which  ought  to  be  put  on  land. 

The  proper  time  for  its  application  is  in  the  autumn  or  winter. 
During  the  period  of  storage,  the  heap  should  be  turned  over 
once  or  twice  to  ensure  its  complete  exposure  to  the  air. 

The  following  is  an  analysis  by  Professor  Voelcker  of  a 
sample  of  gas  lime,  kepi  hug  enough  to  be  used  tci/h  sajcty  as  a 
manure, 

'Sec  Vol.  XIV.,  p.  2IO.  ^H 
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Composition  of  Gas  Lime  (Dried  at  212"  FahrJ), 
Water  of  combination  and  a  little  organic  matter 
Oxides  of  iron  and  alumina,  with  traces  of  phos 

phoric  acid     . 
Sulphate  of  lime  (gypsum) 
Sulphite  of  lime  . 
Carbonate  of  lime 
Caustic  lime 
Magnesia  and  alkalies 
Insoluble  siliceous  matter 

100*00 
In  fresh  gas  lime,  the  proportion  of  water  varies  usually  from 
30  to  40  per  cent. 

TABLE 

Showing  the  Results  Obtained  by  the  Application  of  Certain 
Manures  to  Land.     [Mr,  Wilson,  of  Largs.) 


7-24 

per 

2*49 
4-64 

i5'i9 

49-40 
18-23 

2-53 
0*28 

Produce 

Pounds  of 

Increase  per 

Manure. 

of  the  Lot 

Hay 

Acre  over  that 

in  lbs. 

per  Acre. 

Untouched. 

I^ft  untouched 
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Ite 

2\  barrels  of  quicklime        .         .         .         . 

602 

1456 

I    ton  of  lime  from  gas-wurks 

651 

5208 

1848 

4|  cwt.  of  wood  charcoal  powder 

.       665 

5320 

i960 

2    bus.  of  bone  dust    .         .         .         .         . 

693 

5544 

2184 

iS    lbs.  of  nitrate  of  potash  .         .         .         . 

742 

5936 

2576 

20    lbs.  of  nitrate  of  soda      .         .         .         . 

784 

6272 

2912 

10    bus.  of  soot     ...... 

819 

6552 

3192 

28    lbs.  of  sulphate  of  ammonia    . 

874 

6992 

3632 

100   gals,  of  ammoniacal  liquor  from  gas*works 

945 

7560 

4202 

The  land  was  a  piece  of  three  years'  old  pasture,  of  uniform 
quality,  divided  into  ten  lots  of  20  perches  each.  All  the  lots 
were  manured  at  the  same  time  with  the  articles  given  in  the 
table,  and  the  grass  cut  and  made  into  hay  in  July.  Each  appli- 
cation cost  the  same. 

Ammoniacal  liquor  is  best  applied  at  the  following  strength  : — 

Ammoniacal  liquor  (5''  Twaddel)  .         .1  part. 

Water •.         .         .     7  parts. 

The  proper  time  for  its  application  is  in  the  spring,  after  the 
grass  has  commenced  growing,  and  during  cloudy  weather.  It 
may  be  sprinkled  on  the  land  as  water  is  applied  to  the  streets 
of  towns  to  lay  the  dust. 
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TABLE  OF  ELEMENTARY  SUBSTANCES. 
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CHEMICAL  AND  OTHER  MEMORANDA. 

The  compounds  of  the  non-met;illic  elements  with  the  metals 
and  with  each  other  have  names  ending  in  '*  Jde  "  or  '*  uret  ;  "  as 
FeS,  snl[)hide  or  sulphurel  of  iron. 

When  two  or  more  atoms  or  equivalents  of  the  non-metaltic 
elements  enter  into  combination,  the  number  of  atoms  or  equiva- 
lents is  expressed  by  prefixes- 


OAS   EN0INEER8  AND   MANAfJERS. 


Mon       .         .  means  i  atom,  as  N^O,  nitrogen  mon-oxide. 

Di,  bin,  or  bi  means  2  atoms,  as  N2O..,  nitrogen  di-oxide,  or  bin- 
oxide  of  nitrogen  :  CSo,  bi-sulphide  or  di-sulphide 
of  carbon. 
*Xri  or  tcr       ,  means  3  atoms  >  as  N^O,,  nitrogen  tri-oxide  ;  Sb^S;ji 
ter-sulphide  of  antimony. 

Tetr       ,         ,  means  4  atoms,  as  N  .O,,  nitrogen  tetr-oxide. 

3*ent  or  penta  means    5    atoms,    as    N.,C).,,    nitrogen    pent-oxide; 
PCI,,,  penta-chloride  of  phosphorus. 

Sesqui  .         .  means   i^  atoms  (  =  2  to  3),  as  FejO^,  sesqui-oxide 
of  iron. 

Troto  or  prot  means  first,  as  FeO,  prot-oxide  of  iron. 
Sub        .         .  means  under,  as  CuoO,  sub-oxide  of  copper. 

»Fer         .  .   means  the  highest,  as  HCIO,,  per-chloric  acid. 

The  terminations  '*ic"  and  **ous"  are  used  for  acids,  the 
former  representing  a  higher  state  of  oxidation  than  the  latter. 

When  a  substance  forms  more  than  two  acid  compounds,  the 
prefixes  •*hypo,"  «Wrr,  and  "hyper,'*  abcvct  are  used. 

I  The  smaller  number,  as  H,„  placed  to  the  right  of  and  slightly 
below  a  symbol,  is  called  the  exponent,  and  indicates  the  number 
of  times  that  the  combining  weight  of  the  substance  has  to  be 
taken.  When  the  symbol  is  without  a  number — thus,  H — the 
numl>er  one  is  understood.  The  small  numbers  modify  only  the 
symbol  immediately  preceding,  but  larger  numbers  prtjixtu/  to  the 
symbol  modify  all  that  follow  as  far  as  the  next  comma  or  +  sign  : 
thus  2H.,SO^  signifies  that  four  of  hydrogen,  two  of  sulphur,  and 
eight  of  oxygen,  or,  more  correctly,  that  two  of  sulphuric  acid 
(H,SOj  being  the  formula  for  sulphuric  acid)  are  to  be  taken. 

I       A  base  is  a  compound  which  will  chemically  combine  with  an 
moid. 
A  salt  is  a  compound  of  an  acid  and  a  base. 
When  water  is  in  combination  with  acids  or  bases,  they  are 
said  to  be  hydrated. 
Alkalies  neutralize  acids,  forming  salts. 
Alkalies  turn  vegetable  reds  to  blue,  and  yellows  to  brown. 
Acids  turn  vegetable  blues  to  red,  and  browns  to  yellow. 
A  simple  or  cicmftttan'  substance   is  a  body  that  cannot  be 
resolved  or  separated   into  any  simpler  substances — as  oxygen, 
carbon,  iron. 
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A  compound  substance  is  one  consisting  of  two  or  more  co 

stituents-   us  water,  carbonic  acid  gas,  olefiant  gas. 

The  equivalent  number  or  atomic  or  combining  weight  e 
presses  the  relation  that  subsists  between  the  different  proportioi 
by  weight  in  which  substances  unite  chemically  with  each  other. 

The  equivalent  or  combining  weight  of  a  compound  is  the  su 
of  the  combining  weight  of  its  constituents. 

Specific  gravity  expresses  the  difference  that  subsists  betwe 
the  weights  of  equal  volumes  of  bodies.  Gases  are  usu.illy  co; 
pared  with  air  as  i 'ooo,  liquids  and  solids  with  water  as  r*ooo. 

-So  far  as  chemists  have  been  able  to  discover,  there  are  abo 
76  elementary  or  simple  substances. 

No  compound  body  contains  all  the  elementary  substance 
Most  compounds  are  composed  of  two,  three,  or  four  elements 


9^- 

LS 


m 


LIST  OF  SUBSTANCES 


Simple  aiid  Compound^  frcqitcntly  mentioned 
Afanu/acture  and  Purificaiion  of  Coal 
Prodticls  resulting  therefrom, 

Namf  of  Siiltflancc, 
Acetylene       .... 
Ammonia        .... 
Ammonium  carbonate    . 
Ammonium  chloride 
Ammonium  sulphate 
Aqueous  vapour     . 
Benzine  (benzole)  . 
Butylene         .... 
Calcium  carbonate 
Calcium  dioxide 
Calcium  hydroxide 
Calcium  monosulphide   . 
Calcium  monoxide  (caustic  lime) 
Carbolic  acid 

Carbon  ..... 
Carbon  dioxide  (carbonic  acid) 
Carbon  disulphide  . 
Carbon  monoxide  (carbonic  oxide) 


ifi  connection  tvith  A 
Gas  and  the  Residu 

Molrc.  lonnula. 

.  C.H. 
NH3 

.  (NH,),CO, 

.  NH^Cl 

.  (NH,).,SO, 

.  H.p 

.  C,H. 

.  C,H« 

.  CaCOs 

.  CaOj 

.  CaOjHj 

.  CaS 

.  CaO 

.  C„H«0 

.  C 

.  CO.. 

.    cs, 

.     CO* 
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List  of  Substances— rtw/znw^i/. 


Name  of  Substance. 

Molec.  formula 

Cyanogen       

C,N, 

Ethylene  (olefiant  gas)  .         .         .         . 

C,H, 

Ferric  oxide 

Fefi, 

Ferric  sulphide 

Fe,S3 

Ferrous  oxide         .         .         .         .         . 

FeO 

Ferrous  sulphide    .         .         .         .          , 

FeS 

Hydrochloric  (or  muriatic)  acid 

HCI 

Hydrogen 

H 

Iron  disulphide  (iron  pyrites) 

FeSa 

Manganous  chloride       .          .         .          . 

MnCU 

Methane  (light  carburetted  hydrogen) 

CH, 

Naphthalene 

CioH« 

Nitric  acid 

HNO3 

Nitrogen 

N 

Oxygen 

0 

Potassium  monoxide  (caustic  potash) 

K,0 

Propylene 

C,H, 

Sodium  monoxide  (caustic  soda)    . 

Na..O 

Sulphur 

S 

Sulphur  dioxide     .... 

SO.. 

Sulphuretted  hydrogen  . 

H.,S 

Sulphuric  acid        .... 

H..SO^ 

Water 

H.O 

Weldon  mud           .... 

CaOgMnOa 

To  ascertain  the  proportion,  by  'weighty  of  the  different  sub- 
nces  in  a  compound,  multiply  the  atomic  weight  of  each  sub- 
nce  by  the  exponent. 

For  example  :  Take  olefiant  gas  (ethylene),  C^H^,  which,  as  its 
mula  indicates,  consists,  by  weight,  of  two  atoms  of  carbon 
nbined  with  four  atoms  of  hydrogen — 

Atomic  Weight.  Kxponent.  by^X^'dghl! 

C         12         X         2         =         24        or  85'7i5  per  cent. 

H  I  X  4         =  4        or  i4"285         ,, 

that  24  grs.,  or  24  oz.,  or  24  lbs.  of  carbon  combine  with 
jrs.,  or  4  oz.,  or  4  lbs.  of  hydrogen  to  form  28  grs.,  or  28  oz., 
28  lbs.,  and  so  on,  of  olefiant  gas. 
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^■^        COMMON  NAMES  OF  CERTAIN  CHEMICAL 

^^^K 

SUBSTANCES. 

^^^^^^  Aqua  fortis  , 

Nitric  acid. 

^^^^         Aqua  regia  . 

.     A  mixture  of  nitric  and  hydrochloric 

^^B 

acids,  so  called  from  its   property 

^^^ 

of  dissolving  gold.                               . 

Bliiestonc,  or 

blue  vitriol      ,     Sulphate  of  copper. 

Bog"  ore 

Oxide  of  iron. 

Calomel 

Chloride  of  mercury. 

Chloroform. 

.     Chloride  of  formyle. 

Choke-damp 

.     Carbon  dioxide. 

Common  salt 

Chloride  of  sodium. 

Copperas,  or 

green  vitriol    .      Sulphate  of  iron. 

Corrosive  sub 

fimate     .          .      Bichloride  of  mercury. 

Dry  alum     . 

Sulphate  of  alumina  and  potash. 

Epsom  salts 

.     Sulphate  of  magnesia. 

Ethiops  mine 

ral  .         .         .      Black  sulphate  of  mercury. 

Fire-damp  . 

Light  carburetted  hydrogen. 

Galena 

.     Sulphide  of  lead. 

Glauber's  salt 

s     .         .         .      Sulphate  of  soda. 

Goulard  wate 

r      .         ,          .      Basic  acetate  of  lead. 

Iron  pyrites 

Bisulphide  of  iron. 

Jeweller's  put 

ty   .          .         .     Oxide  of  tin. 

King's  yellow 

Sulphide  of  arsenic. 

Laughing  gas 

J      .         ,         .      Protoxite  of  nitrogen. 

Lime    . 

.     Oxide  of  calcium. 

Lunar  caustic 

.      Nitrate  of  silver. 

Mosaic  gold 

Bisulphide  of  tin. 

Muriate  of  lin 

rie    .         .          .     Chloride  of  calcium. 

Nitre,  or  salt 

3etre                  .      Nitrate  of  potash. 

Oil  of  vitriol 

Sulphuric  acid. 

Potash 

,     Oxide  of  potassium. 

Realgar 

Sulphide  of  arsenic. 

Red  lead      . 

Oxide  of  lead. 

Rust  of  iron 

,     Oxide  of  iron. 

Sal  ammoniac 

;      .          ,          .      Muriate  of  ammonia. 

Soda    . 

.     Oxide  of  sodium. 

r 
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Chemical  Substances — continued. 


Spirits  of  hartshorn 

Spirit  of  salt 

Stucco,  or  plaster  of  Paris 

Sugar  of  lead 

Tincal . 

Verdigris 

Vermilion    . 

Volatile  alkali 

Wad    . 

Water 

White  vitriol 


Ammonia. 

Hydrochloric  or  muriatic  acid. 

Sulphate  of  lime. 

Acetate  of  lead. 

Crude  borax. 

Basic  acetate  of  copper. 

Sulphide  of  mercury. 

Ammonia. 

Black  oxide  of  manganese. 

Oxide  of  hydrogen. 

Sulphate  of  zinc. 


TABLE  OF  VARIOUS  GASES. 

Their  Specific  Oravity^  We'ujhtt  and  Solubility  in   Water, 
60°  Fahr.    80  in.  Barometer. 


Nune. 


Speoiflo  i  Weight  of  % 


Grarity 

Air  equal 

1-000 


Cubio  Foot  in 

Pounds 
AToirdnpoli. 


Weight 
ofaCubii 
Foot  In 
Oxalni. 


Number 
of  Cabio 
Ft.  eqaal 

to  lib. 


SolabiUtr. 

100  Vob.  of 

Water  absorb. 


Hydrogeu 

Light  oarbureited  hydrogen 
Ammonia      ..... 
Carbonic  oxide  .... 

Olefiant  gaa 

Nitrogen 

Air 

Nitric  ozid* 

Oxygen    

Snlpboretted  hydrogen  . 
Nitrous  oxide  .... 
Carbonio  aoid  .... 
Salpharoua  acid  .  .  • 
Chlorine 

Biaolphide  of  carbon  .     . 


•0t>91 
•669 
•890 
■967 
■968 
■9713 
1-000 


1-1066 

1-1747 

1'527 

1-629 

3-247 

2-470 

a^ft40 


•00529997 

'0423763 

■046258 

•0741689 

•0742456 

•07449871 

•0767 

■0796913 

•0B479962 

■09009949 

•1171209 

•1172748 

-1728449 

•189449 

■202488 


87-09 
300-12 
816 "77 
619- 18 
619-71 
621-49 
636-90 

657-88 

693-69 
680-69 
819-84 
620-92 
3206-41 
1826-14 

1417-41 


188-68 
23-32 
22-09 
18-48 
18-46 
13-43 
1303 

12-64 

11-79 
1109 
8'&8 
8-62 
6  80 
6-27 

4'93 


1-93Vo1b. 
8-91    ., 
72.720-    „ 

a-43  „ 

16  16    ,. 
1-48    „ 
1-70    „ 
J  Notsolable 
\  in  water. 
2-99Voi8. 
323-26   » 
77-78   „ 
100-90   „ 
4276-60   „ 
236-80   „ 
( Notsolable 
t  in  vater. 


To  reduce  a  volume  of  gas  of  any  specific  gravity  to  pounds 
avoirdupois,  multiply  the  volume  by  the  sp.  gr,  and  by  '0767. 
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Example. — Required  the  weight  of  1500  cub.  ft.  of  gas  whose 
specific  gravity  is  '520. 

1 500  X  '520  X  '0767  =  59*826  lbs. 

To  find  the  weight  in  pounds  avoirdupois  of  a  cubic  foot  of  air 

at  different  temperatures,  and  under  different  pressures. 

459 +  T 

Example.  —  Required  the  weight  of  a  cubic  foot  of  air,  the 
barometer  being  at  29*5  in.  and  the  temperature  84    Fahr. 

1-3^53  X  29-5 ^.py^  lb. 
459  +  84 

Luthig  for  Experiments  in  Chcniistn'.  For  temporarily  secur- 
ing the  joints  of  chemical  vessels,  glass  stoppers,  &c.,  use  equal 
parts  by  weight  of  Unseed  meal  and  whiting  made  into  a  stiff 
paste  with  water.  The  two  substances  should  be  well  triturated 
in  a  mortar,  and  the  water  added  till  of  the  proper  consistency. 

Pieces  of  vulcanized  india-rubber  tubing  are  very  suitable  for 
joining  the  ends  of  glass  and  earthenware  tubes.  The  india- 
rubber  is  slipped  over  the  ends,  and  secured  with  pack-thread. 

India-rubber  capsules  for  bottle  necks,  having  a  hole  through 
them  for  the  insertion  of  glass  tubes,  are  handier,  and  more  likely 
to  be  gas-tight,  than  the  ordinary  corks. 


I 


AVERAGE  COMPOSITION  OF  LONDON  GAS 
BY  VOLUME. 

{Dr,  Uthcby,  1866.) 

("-.«.,t:M,««t*                            Common  Gas.  Canncl  Gas. 

Constituents.                             TerCcnt.  Per  CcnL 

Hydrogen 46*0  377 

Lifihi  carburcUed  hydrogen                   .         .         39-5  50*0 

Olcfiant  gas 3*8  13-0 

Carbonic  oxide   .         .         .         .         .         .           7*5  ^*8 

Carbonic  acid     ......          07  o*l 

Aqueous  vapour 2'0  a-o 

Niirogcn o'5  0*4 

loo'o  100*0 
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{Professor  Vivian  B,  Lewes,  i8^.) 

Constituents. 

Gaslight  and 

^ke 
Company. 
Per  Cent. 

South 

Metropolitan 

Company. 

Percent. 

Commercial 
Company. 

Per  Cent. 

Hydrogen 

Unsaturated  hydrocarbons 
Saturated  hydrocarbons 
Carbon  monoxide 
Carbon  dioxide . 

S3;3| 

3269 

705 
o'6i 

52 '33 

3-47 

3476 

0*60 

52-96 

324 

34-20 

475 
075 

Nitrogen   . 
Oxygen     . 

250 

0*21 

4-23 
0'49 

4'io 

O'OO 

100*00 

100*00 

100-00 

• 

TABLE. 

Tests  made  by  Professor  Vivian  B.  Lewes,  showing  the 
quantity  of  light  obtained  per  cubic  foot  of  i6-candle  gas  con- 
sumed, proving  the  advantage  of  the  regenerative  and  incan- 
descent lights,  and  the  loss  which  attends  the  use  of  ordinary 

burners. 

Burner.  Candle  Units. 

Regenerative  and  incandeitcent 7  to  10*00 


Standard  argand 
Ordinary  argand 
Flat  flame  No.  7   . 

No.  6  . 

No.  5   . 

No.  4  • 

No.  3  . 

No.  2  . 

No.  I   . 

No.  o  . 


3*20 
3*90 
2*44 

187 
"74 
'•63 

1'23 
0-85 

o*S9 


TABLE 

Indicating  the  Comparative  Salubrity  of  the  Several 
Illuminating  Materials, 

The  flame  of  coal  gas,  and  the  flames  of  several  combustible 
bodies  that  gave  an  amount  of  light  equal  to  it,  were  burned 
separately  in  given  quantities  of  atmospheric  air,  and  the  times 
were  noted  at  which  the  flames  were  extinguished  by  the  con- 
tamination of  the  air.     The  following  were  the  results  : — 


Colza  oil 
Olive  oil 
Russian  tallow 


was  extinguished  in  71  minutes. 
i»  i»      72       » 

»»  »»      75       »i 


Sperm  oil 
Stenric  aciH 
\\&x  candles 
Spermaceti  candles 
Coal  gas       .         .         I 
Caiincl  gas  (28  candles] 

From  which  it  appears  that  the  atmosphere  of  a  confined  room 
lijjhted  by  caniiel  g"as  will  support  life  twice  as  long"  as  the  atmo- 
sphere of  the  same  room  lij^hted  equally  by  lallow  candles. 


RELATIVE  VALUES  OF  ILLUMINATING  AGENTS 
/n  respect  of  their  Heating  ami  Vitiating  Effects^on  the  Atmosphere^ 

when  Burning  so  as  to  give  the  Light  of  u  Standard  Sperm 

Catuiies.     (Dn  Leihehy, ) 


Pounds  of 

Oxygen 

Carlmnic 

Air 

Water  Healed 

Consumed 

Acid  IVodncL-d 

Vitiated 

1**  Kahr. 

{cub.  ft.) 

(cuLi.  fi.) 

(cub.  ft.) 

CanncI  gas 

1950 

3-30 

3*01 

1^:^ 

('unvmnn  gu^ 

2786 

5-45 

3-31 

Sperm  oil  . 

2335 

47S 

3'33 

833 

Hcn/olc 

2326 
3619 

446 

3'S4 

K8-5 

I'araflin      . 

6-8i 

4SO 

II2S 

Caiiiphent:. 

32SJ 

6*65 

477 

119*2 

Spenn  candk's 

35'7 
3831 

7-57 

V^l 

1317 

Wax  candles 

8-41 

S'9t» 

I49S 

Stearic  candles 

3747 

8-82 

625 

156-2 

TaJIow  candles 

5054 

1206 

873 

2l5j 

TABLE. 
Caiorijie  Power  of  Various  Photogenic  Compoufuis.     (P.  J.  Evans,) 

Pounds  of  Water  Potmds  of  Water 

raided  i""  raised  i' 

l)y  the  by  the 

Consumption  of  Consumption  uf 

I  Foot  of  Gas.  t  lb.  uf  Gas. 


Name  of  Gas,  &c 


Cubic  Keel 

to 
One  Pound. 


Hydrogen iSo" 


Newcastle  coal  gas,  >p.  gr.  '410 
Cannet  gas,  -ip.  gr.  '500 
Oil  gas,  sp.  gr.    825    . 


Sperm  candles,  6  to  tbc  lb. 
Sperm  oil,  burnt  in  a  lamp 


324 
26-5 
1 6 '60 


300 

b5o 

760 

1200 
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CQ  e 

<  c 

I 

I 


•2 
"2 


li 


I?: 


^p 


i  gCfl^JtlO  C^gt-ffl  ^iH  GSt-'*iii(3^0»     ...     * 

8  _^ ^ ^ 

"    iiHi  ^  51  WM  51  C^  >->  Ci  iH  1-*  1^  1^  1-H  .«■  1^  CT 


.   O  O  «5  rs  gl  'J  '^ 


O    'q<'a>^Eai£lt>l^lMiQCQCr>4'4PMCn^3'VC3>Au:h:£)'^U?U3r(Cl 


o 


Ad 


.    ^  to  u5 
t3    t-'t4^!C  5DkO*Ct^T^O«10^M*^Mi5Ci-*'Xi^tct5-j  ^"sit 


3'-*noi3aifl^iefl«£jH5M.traieijiQpti3,,-(o^OO'«*»t^' 


I  £  LQ  ^  (A  . 


1^3 


'lSi?«S^^^^^'*5^o 


■W««5!Ci" 


:^ 


a 


a  •=■  2    □    - 


nils  5 


a 


■il 


o    ^ 
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TABLE. 

ffeatt  of  ComhnUioH  with  Oxytftn, 


BnbiUnoe. 


Brittih  Thermal 
UnlU  ul  HcAt. 


Founds  of  Wttar 

u  31  a«  Fktir. 

Ev»porkt«d  per 

PoGDd  of  8ubii«ii». 


fiydronn 

Alcohol 

Heiizeua 

Cbfbou  bisulphide 

Carbon  buniinf;  to  oarbonio  acid  .  .  .  . 
Carbon  burniug  to  carboniooxido  .  .  ,  . 
Corbouio  oxide  baniing  to  oarbonio  acid    .     . 

Cbarooal,  wood 

Cool,  autbracite 

Coal,  besi  bilQmJDOas    ........ 

Coke,  produced  from  ditto.      .  •      i      «      . 

Coal,  averRge  quality 

Coke,  prodacttd  from  ditto 

Ktiiyleae 

Graphitt? 

Lif^ht  oarbnretted  hydrogen,  or  marab  fras 

Lif("it« 

Oleflautgas 

Olive  oil 

l'e*t,  dry -      .     .     . 

PetrolfiCtm .      .     . 

Propytftoa » 

Salpbur 

Sulpbnrio  ether 

Tarpeutiue .     . 

Wood,  dry 

CuUo  Fmi  per  ifa. 


Coal  gav,  17  candles. 
Water  gaa  ,  .  . 
Prodno«r  ftaa  .  .  . 
Producer  water  gas  . 


82-337 
22-863 

34'&69 

13*478 


61,600 
12,%3 

lH,tK>0 
6.152 

4,47a 
12,455 
15,600 
1&,&04 
H,376 
13,600 
12,600 
21.500 
14,Ofi7 
24,020 
11,710 
21,376 
17,7B4 

20.272 

21/200 

4,032 

10,282 

I»,666 

7.824 

21.69e 

6.C49 
1,897 

963 


«8-66 
13-49 
19-35 

6-87 
18-88 

9-68 

4-es 

19  90 
16-14 
l&O.'i 
14-88 
1408 
18  25 
22-26 
14  SO 
24-86 
19']2 
22- 12 
18-41 
10  83 

20  98 
2194 

4-17 
16  66 
20-26 

8' 10 

22-46 

6-88 
1-96 
109 


A 


The  British  standard  unit  of  heat  (thermal  unit)  is  the  amount 
of  heat  required  to  raise  the  temperature  of  i  lb.  avoirdupois  of 
water  i"  Fahrenheit. 

The  French  standard  unit  of  heat  (calorie)  is  the  amount  of 
heat  required  to  raise  the  temperature  of  i  kilogramme  of  walc 
i"  Centigrade. 

The  number  of  British  units  of  heat  required  to  evaporate 
I  lb.  of  water  at  boiling  point,  212"  Fahr.,  is  966;  and  at 
62'  Fahr.,  1 1 16. 

The  number  of  French  units  of  heat  required  to  evaporate 
I  kilo,  of  water  at  boiling  point,  100"  Cent.,  is  536-7;  and  al 
16-6''  Cent.,  6201, 
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One  British  unit  of  heat  =  '0251996  French  units. 

One  French  unit  of  heat »  3*96832  British  units. 

The  total  heating  power  of  any  fuel,  expressed  in  British 
units, -7  966  =  lbs.  of  water  at  212"  Fahr.  evaporated  per  lb.  of 
fuel. 

Example. — i  lb.  of  hydrogen  yields  in  combustion  61,500  units 
of  heat. 

Then        *^    =  63*66  lbs,  of  water  at  212"  Fahr.  evaporated  per  lb. 
^^  of  hydrogen. 


DISTILLED  WATER. 

(At  62'  Fahr.) 

I  pint  =  34*65  cub.  in.,  or  1*25  lbs. 
I  gal.  =  277*274  cub.  in.,  or  10  lbs. 
1 1 '2  gals.,  or    1*792  cub.  ft.  —  i  cwt. 
224         »»       M  35*34         M       =1  ton. 
I    cub.  in.  =  252*45  grs.  or  0*036075  lb. 
12       ,,     „  =     o*434lb. 
I       ,,    ft.  =     6*25  gals.,  or  1000  oz.,  or  62*5  lbs. 
1*8   ,,     ,,  =  I  cwt. 
35*84  ,»     »>  =1  ton. 
I  cylindrical  in.  =  0*02842  lb. 
12         M  »>  =0*341      ,, 

I  M  ft.  =  5  gals.,  or  49*1  lbs. 

2*282  ,,  n  =  ^  cwt. 

45*64     »»  M  =1  ton. 

Centre  of  pressure  §  depth  from  surface. 

Water  is  at  its  maximum  density  at  39*2"  Fahr.  (4"  Cent.),  and 
expands  ^^s  P^^t  of  its  bulk  on  freezing. 

SPECIFIC  HEAT  OF  SUBSTANCES. 

The  meaning  implied  in  the  term  **  specific  heat,"  or  more 
correctly  "calorific  capacity,"  is  the  quantity  of  heat  required  to 
raise  the  temperature  of  a  substance  i*"  (independently  of  the  unit 
of  mass  and  scale  of  temperature) ;  water  being  taken  as  the 
standard  of  comparison. 


r 

■ 

^■^^^ 

■ 

■ 

^^H 

^^^^^^^^^^^^^^^^■l 

■             ■ 

^^■^■^^^J 

^^^^M 

H             45S 
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^^^^            For  example  :  the  specific  heat  of  mercury  is  "03332,  by  which 

^^m             is  to  be  understood  that  thirty  times  as  much  heat  is  required  to 

^H             raise  water  to  a  given  temperature  as  an  equal  weight  of  mercury. 

^H             In   other    words,    the   quantity   of  heat   which    would    raise    the 

^H             temperature  of  any  given  weight  of  mercury  through   i\  would 

^H             only   raise    the   temperature  of  a   like   weight   of  water  through 

^l 

^^^L           SPECIFIC  HEAT  OF  SOLIDS  AND  LIQUIDS.    ^ 

^^^Hh                                               (Water  as                                                    ^| 

^              Acclic  acid     ....        6589 

Lead -03 14       1 

^M              Alcohol  (sp.  RT.  793)     . 

•623 

Lime,  burned 

•ai7 

^H               Ahiminium 

•2143 

Lithium 

•9408 

^^M                Antimony,  cn&t 

■05077 

Magnc&iuin  . 

•2499 

^H               Arsonic 

-0814 

Manganese   . 

•1217 

^^m                Bees-wax 

'45 

Marble,  white 

•21585 

^H               BeoT-Jne 

•3952 

Mercury 

•03332 

^H               Birch     .... 

•48 

Nickel . 

•10863 

^^H                Bismuth 

x»3oS4 

Oil,  olive 

•3096 

^m              Brass     .... 

•0939 » 

Oil,  sweet      . 

•3» 

^H               Brick,  common 

'3 

Oil  of  turpentine 

*472 

^^H               Brick,  fire 

•22 

Pallndium 

•05928 

^^M              Cadmium 

•05669 

Phosphorus  . 

•18949 

^H               Chalk,  white. 

•21485 

I'inc     . 

■65 

^^m               Charcoal,  animal,  calcined 

•26085 

Platinum 

'03243 

^^K                CharciDal,  wood 

•24111 

Poto&siuni 

•1696 

^H               Clay,  white,  humed 

•185 

Selenium 

•07616 

■               Coal      ...         . 

•2777 

Silicon,  crj-stallizei 

i 

•1774 

^m              Cobalt    . 

•10696 

Silicon,  fused 

•175 

^H               Cupper  . 

■092  IS 

Silver  . 

•05701 

^H               Diamond 

•I46K7 

Sodium 

•2934 

^m                Ether 

•5207 

Spermaceti    . 

'32 

^M                Glass     . 

•19768 

Steel     . 

'»'75 

H              Gold 

•03244 

Sulphur 

•20259 

^^M              Graphite 

'20IS7 

Sulphuric  acid 
Tellurium 

ns 

^H 

•504 

•04737 

^^m                Iodine 

•05412 

Thallium 

•0336 

^^B               Iron,  cast 

•12983 

Tin       , 

05695 

^H              Iron,  wrought                                'ii379 

Zinc ^09555     1 

^^b           SPECIFIC  HEAT  OF  GASES  AND  VAPOURS.          1 

^^^^H                                                                                   SpcdAc  Heat  of       Specific  Heat  uT       Specific  Heal  of           1 

^^^^^H                                                                                   KifUAi  Weighis.        Kqiial  Volumes,      ConstJint  Volumes         | 

^^^^^^H 

Air     .                           .     0-2374                  0-2374                  01687               1 

Oxygen 

•    0217s             0*3405             01559           ■ 

^^^^B          Simple 

Nitrogen     . 

.    0*3438              0-2370              0*1740            ■ 

^^^^H           gases. 

Hydrogen  . 

.    3^4090           02359           2*4096         ■ 

Chlorine     . 

0'I2I0                      0'2Q63                            ...             ^^fl 

^^^^^B          Vapour.     iBrumine                            C)'0555                  0*3040                      .,.        j^^^H 
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Compound 


Vapours. 


'Binoxide  of  nitrogen   . 
Carbonic  oxide  . 
Carbonic  acid     . 
Sulphuretted  hydrc^n 
Sulphurous  anh)^ride 
Hydrochloric  acid 
Nitrous  oxide 
Nitric  oxide 
Ammonia   . 
Marsh  gas  . 
.Olefiant  gas  (ethylene) 

Water  (steam)    . 

Ether 

Chloroform 

Alcohol 

Turpentine 

Bisulphide  of  carbon  . 

Benzole 

Acetone 


cdficHcatoT 
IwlWeishU. 

0-2315 

0*2450 

0'2t63 
0-2432 
0-I5S3 
0*1845 
0*2262 
0*2317 
0*5083 
0*5929 
0*4040 
0-4805 
0*4810 
0*1567 

0-4534 
0*5061 
0-1570 

0-3754 
04125 


Spcdlic  Heat  of 

Spedfic  Heat  of 

Equal  Votume^ 

Constant  Volumci. 

0*2406 

..• 

0*2370 

0-1768 

0-3307 
0*2857 

0-1714 

0-3414 

0*1246 

0**333 

... 

0-3447 

>•* 

0*2406 

... 

0*2966 

... 

0-3277 

0*4683 

0*4106 

0*2984 

0-3337 

1-2296 

0*3411 

0*6461 

O-7171 

•0-3200 

2*3776 

... 

0-4140 

... 

1*0114 

... 

0*8244 

... 

TABLE 

Sfunoifig  the  Expansion  of  Liquids  in  Volume  ffvmj2*  to  212"  Fahr, 

1000  parts  of  water become  1046 

„            oil ,,       1080 

„           mercury ,,       1018 

,,            .spirits  of  wine ,,        iiio 

*i            w .»        1373  lo  1375 


TABLE 

Showing  the  Lineal  Expatision  of  Metals  produced  by  Raising 
their  Temperature  from  ^2"  to  212"  Fahr, 


Zinc      . 

.     1  part 

in  322 

Gold     . 

1  part  in  682 

Lead     . 

35» 

Bismuth 

719 

Tm  I  pure) 

403 

Iron 

812 

Tin  1  impure) . 

500 

Antimony 

,.       923 

SUver    . 

524 

Palladium 

M        1000 

Copper. 

S8i 

Platinum 

II        1100 

Br£r   .        . 

584 

Flint  glass 

11     I34S 

TABLE 
Showing  the  Relative  Power  of  Metals  for  Conducting  Hm 


Gold 

Silver 
Copper  . 
Flatmum 


1000 
38« 


Iron 
Zinc 
Tm. 
Lead 


454 
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TABLE 

S/ioTviti^  the  Relative  Pmver  of  Metals  for  Reflecting  Heat. 

Intensity  of  Direct  Radiation,  too. 


Silver  plalc 

Cold 
Brass 
SpeculntQ  mcutl 

Tin     . 


•97 
95 
•93 
-86 

•85 


Polished  platinum 
Sleel  . 
Zinc  , 
Iron   . 


-8o 

•83 
■81 

77 


Aluminium 
Anlinifiny 
Bismuth 
Broiuc  . 
Butler    . 


TABLE. 
hfelting  Points, 


TX't;recs  Fabr. 

.     1247 

797 

■       504 '94 

1652 

9< 


CoppCI  .  ....       3I02 

Gold     .  ,     219a 

„    coined  ....     2156 

Ice 32 

Iodine 237-5 

Iron,  cabt  .  1922  lu  2382 

,,      wrought  2732  lu  2912 

Lead 617 


Phosphorus 
riatimim 
!'oUis.sium 
Silver    . 
Sodium 
Sperniaceii 
Slcarinc 
Steel     . 
Sulphur 
Tin 

Wax,  white 
„     yellow 
Zinc 


Degrees  Kahr. 
Ill 
.     3227 

"36'4 

.  1832 
203  lu  204-08 

120 

I3> 

2372  10  2553 
230 
549 

»54 
144 
7862 


THE  GAS  INDUSTRY. 

Initiation,    Development,  and  Progress. — The  manufacture 

and  distribution  of  coal  jifas  may  bu  justly  described  as  one  of  the 
important  industries  of  the  world.  Like  railways  and  the  electric 
teleg^raph,  it  is  a  product  of  the  Nineteenth  Century  ;  for,  thoug"fa 
coal  gas  was  actually  used  for  illuminating  purposes  by  William 
Murdoch,  the  inventor  of  gas  lighting,  as  early  as  1792,  at 
Redruth  in  Cornwall,  and  in  1797  at  his  house  at  Old  Cumnock, 
Ayrshire,  it  was  not  until  well  into  the  first  decade  of  the  past 
century  that  gas  began  to  be  generally  applied  in  the  lighting  of 
streets,  factories,  and  dwelling-houses. 

The  illumination  of  the  Soho  Works,  Birmingham,  to  celebrate 
the  Peace  of  Amiens,  took  place  in  1802.  These  works  belonged 
to  Boulton  &  Watt,  and  Murdoch  was  employed  as  Manager  to 
the  firm.     The  first  application  of  gas  to  the  interior  lighting  of 
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large  premises  was  made  by  Murdoch  in  Salford  in  1805,  at  the 
cotton  manufactory  of  Phillips  &  Lee  ;  and  the  first  street  lij^hterl 
With  gas  was  Pall  Mall,  London,  in  1807.  The  first  Gas  Company 
incorporated  by  Act  of  Parliament  was  the  ''Chartered  *'  (now  the 
Gaslight  and  Coke],  London,  in  1S12. 

Althoug"h  in  its  earliest  use  coal  gas  was  restricted  to  the  pur- 
f>ose  of  affording  artificial  light,  no  long  time  elapsed  before  its 
■value  as  a  heating  medium  began  to  he  realized.  W'insor,  one  of 
the  pioneers  of  gas  lighting,  claimed  as  an  important  advantage 
of  the  new  invention  or  discovery  that  gas,  besides  Its  light-giving 
c:|ualities,  could  be  used  both  for  cooking  food  and  warming 
dwellings,  and  as  early  as  1825  attempts  were  made  to  apply  it 
for  those  purposes.  It  was  not,  however,  till  later  on  ip  the 
dentury  that  anything  like  a  practical  application  of  gas  was 
made  to  the  cooking  of  food.  Mr.  J.  Sharp,  of  Southampton, 
2about  the  year  1S40  began  to  construct  ovens  heated  by  gas  for 
<:ooking  and  baking,  and  these  he  used  for  many  years,  giving 
-public  lectures,  in  the  course  of  which  he  practically  demonstrated 
Yhetr  usefulness  and  value. 

Gas,  however,  in  those  days  was  higher  in  price  than  now, 
and  although  it  was  evident  that  it  served  most  efficiently 
ibr  culinary  operations,  its  cost  militated  against  its  extensive 
adoption  in  that  direction.  The  prejudice  against  it  was  strong, 
also,  on  account  of  the  supposed  liability  of  any  food  cooked  by 
its  means  to  be  tainted  with  the  flavour  of  the  gas  itself.  This 
operated  against  its  use  ;  and  though  the  prejudice  was  founded 
on  ignorance  of  the  facts,  it  is  not  a  matter  of  wonder  that  such 
an  idea  was  entertained,  seeing  that,  t'ven  at  the  present  day,  in 
spite  of  the  strongest  evidence  to  the  contrary,  the  same  belief  is 
still  widely  accepted,  and  still  operates  with  many  as  a  bar  to  its 
adoption. 

Gas  has  won  for  itself  an  important  place  as  an  agent  for 
obtaining  motive  power.  It  was  from  the  very  first  a  matter  of 
observation,  and  not  unfrequently  of  dire  and  unsought  experi- 
ence, that  when  gas  and  atmospheric  air  were  mixed  in  certain 
proportions,  and  the  mixture  fired,  an  explosion  was  the  result. 
Attempts  were  soon  made  to  utilize  the  force  thus  exerted  by 
confining  the  explosive  compound  in  a  suitable  cylinder,  and 
exploding  it  to  obtain  prime  movement 
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After  many  more  or  less  successful  attempts  by  different  inven- 
tors, and  expenditure  of  much  ingenuity,  the  '*  Lenoir  **  gas-engine, 
so  named  after  its  inventor,  was  produced  (i860),  and  thus  was 
solved  the  problem  of  how  to  utilize  an  explosive  mixture  of  gas  and 
air  as  a  prime  motor.  From  that  lime  down  to  the  present  the 
patent  records  contain  the  description  of  many  inventions  of  this 
character,  and  gas-engines  of  great  power  and  efficiency  are  now 
produced. 

It  is  occasionally  a  subject  of  remark  by  uninformed  or  hostile 
critics  that  no  important  improvements  have  been  effected  in  gas 
manufacture  since  the  earlier  days  of  its  introduction.  If  this 
were  so,  it  would  either  speak  well  for  the  inventors  of  this  art, 
or  badly  for  their  successors  in  the  Industry.  The  statement, 
however,  is  altogether  wide  of  the  truth.  True,  the  method  of 
producing  the  gas,  as  in  the  earlier  days,  is  by  distillation  of  the 
coal  in  closed  retorts,  and  the  purilicatlon,  storage,  and  distribu- 
tion of  gas  are  effected  in  apparatus  and  plant  which,  in  their 
main  features,  do  not  greatly  differ  from  the  earlier  forms.  But 
it  is  obvious  that  a  similar  invidious  comparison  might  be  made 
in  regard  to  all  the  most  notable  inventions.  The  chief  char- 
acteristics of  an  industry  are  retained,  whilst  the  processes  under- 
go improvement  and  modification.  As  a  matter  of  fact,  g^reat 
improvements  have  been  effected  in  the  plant  and  apparatus  for 
the  manufacture  of  illuminating  gas,  whilst  the  mechanical  and 
chemical  principles  involved  in  its  production  and  use  are  now 
carefully  investigated  by  gas  engineers,  and  are  yearly  becoming 
better  understood. 

lUuminating  Power, — In  England,  Wales,  and  Ireland  the 
gas  actually  supplied  to  consumers  varies  in  illuminating  power 
from  13  to  22  standard  candles,  according  to  the  quality  of  the 
coal  used  ;  the  higher  figure  above  16  candles  being  obtained  by 
an  admixture  of  cannel  or  shale  with  the  ordinary  bituminous 
coal,  or  the  use  of  oil  as  an  enricher.  In  Scotland,  the  range  of 
illuminating  value  is  from  22  to  30  candles. 

Cost  Price. — The  average  cost  of  producing  and  distributing 
illuminating  gas  in  Kngland  is  about  two-thirds  of  the  selling 
price.  Taking  a  selling  price  of,  say,  2s.  6d.  per  1000  cub.  ft,, 
the  cost  of  producing  and  distributing  the  gas,  including  the  net 
expenditure  on  coal   (after  deducting  the  income  from  residuals) 
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and  working  expenses,  will  be  is.  8d.  per   looo  cub.  ft.     Analyz- 
ing this  fig^ure,  the  expenditure   on  coal  will  be   is.  ^^-t  and  de- 
ducting the  value  of  the   residuals,   at   present   prices,   which   is 
equal   to  about  yd.,  there  is  left  8d.  as  the  net   cost  of  the  coal. 
The  balance  of  ts.  is  made  up  by  the  working  expenses,  which 
include  wages,  salaries,  purifying  materials,  repairs  and  renewals, 
rates  and  taxes,  printing  and  stationery,  and  incidental  expenses. 
The  difference  of  lod.  between  the  prime  cost  of  the  gas,  is.  86. ^ 
und  its  selling  price  of  2s.  6d.,  is  absorbed  in  the  payment  of  the 
interest   and   dividend   on   the   invested   capital   in  the  case  of  a 
company,  and  in  the  instance  of  the  undertaking  belonging  to  a 
local  authority,  in  the  discharge  of  the  interest  on  the  annuities 
and    borrowed  capital   (if  any),   and   the  provision  of  a  sinking 
fund. 

Selling  Price, — The  selling   price  of  gas  per 
ranges   throughout    Kngland,    VValcs^   and    Ireland 


to  6s.,  and   in  Scotland  from   3s.   to  8s,  4d.,  with 


000  cub.   ft. 
from    IS.  jd, 

1  few  of  the 

smallest  concerns  charging  as  much  as  los.  per  1000  cub.  ft. 
Taking  into  consideration,  however,  that  in  Scotland  gas  of  a 
higher  illuminating  power  is  supplied  than  in  the  other  portions 
of  the  kingdom,  that  a  smaller  consumption  per  consumer  is  the 
consequence,  and  calculating  the  price  at  per  theoretical  unit  of 
light,  the  actual  difference  in  price  is  not  so  great  as  appears 
at  first  sight.  The  practical  advantages,  however,  of  the  higher 
illuminating  powers  may  be  questioned,  and  certainly  they  are  not 
proportionate  to  the  cost  of  producing  the  richer  gas. 

Capital  Employed. — The  capital  of  a  gas  undertaking  repre- 
:nts  or  includes  (1)  the  amount  of  money  that  has  been  expended 
on  obtaining  an  Act  uf  Ijicurporalioti,  if  it  be  a  statutory  company  ; 
{2)  the  cost  of  the  land  for  the  site  of  the  works,  and  the  engineer- 
ing expenses  incurred  ;  (3)  the  cost  of  the  general  manufacturing, 
purifying,  and  storing  plant  ;  and  (4)  the  cost  of  the  distributing 
pipes  and  accessories  ;  with  (5)  an  added  sum  as  a  floating  or 
working  capital  to  meet  current  outlay  before  the  revenue  begins 
to  accrue. 

The  amount  of  the  various  items  making  up  the  aggregate 
necessarily  varies  under  different  conditions.  For  example,  take 
the  first — the  money  expended  on  obtaining  an  Act  of  Incorpora- 
tion.    When  a  company  have  had  to  contend  with  and  overcome 
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persistent  and  strong  opposition,  llie  cost  of  their  Act  will  exceed 
the  cost  of  one  obtained  under  more  favourable  conditions,  to  the 
extent  of  loo,  200,  or  even  300  per  cent.  Agfain,  the  cost  of  land 
is  a  varying"  factor,  and  the  expense  of  the  erection  of  works  is 
often  increased  by  the  character  of  the  site  and  its  subsoil.  It  is 
true  that  in  the  case  of  a  large  company  these  several  items,  even 
when  gfreatly  in  excess  of  a  normal  amount,  do  not  increase  the 
total  capital  ouLlay  by  any  material  percentage  ;  but  on  small  and 
moderate  -  sized  undertakings  they  are  often  peculiarly  burden- 
some. 

But  there  are  other  circumstances  more  distinctly  marked  than 
these,  which  contribute  to  ihe  variations  in  the  relative  amount  of 
capita)  expended  by  different  companies.  The  character  of  the 
district  of  supply  is  one  of  them.  The  district  of  some  companies 
is  thickly  populated  with  a  high  class  of  consumers  throughout. 
Others,  again,  have  a  .scanty  population,  and  of  a  poorer  class; 
and  although  the  plant  and  mains  of  this  latter  may  be  less  ex- 
tensive, yet  the  proportion  of  its  capital  to  the  production  and 
rental  will  usually  be  in  excess  of  the  other,  whilst  there  is  this 
paradoxical  result  fn  the  instances  referred  to,  that  those  who  arc 
least  able  to  alTord  it  have  often  necessarily  to  pay  a  higher  price 
for  the  gas. 

In  many  instances,  companies  have  wide  expanses  of  country 
to  canalize  with  miles  of  mains,  on  some  of  which,  except  at  the 
terminus,  there  is  scarcely  a  consumer.  Again,  the  district  may 
be  a  manufacturing  one,  with  mills  and  workshops  consuming 
gas  only  during  four  or  five  months  in  the  year.  The  proportion 
of  capital  in  such  case  has  frequently  to  be  large  to  provide  plant 
to  meet  the  principal  gas  demands  within  a  limited  period  of  time. 
It  is  no  unusual  thing,  under  such  circumstances,  to  find  that 
during  nearly  one  half  of  the  year  ,%  of  the  whole  plant  is 
standing  unproductive. 

In  contrast  to  these,  there  are  towns  whose  gas  consumption 
is  comparatively  steady  all  the  year  round.  Take,  as  an  example, 
the  inland  watering-places  and  fashionable  seaside  towns.  Into 
these  there  is  during  the  summer  and  autumn  seasons  an  inllux 
of  visitors  who  consume  a  large  quantity  of  gas.  Such  is  proved 
by  the  fact  that  the  heaviest  daily  make  in  these  places  is  gener- 
ally in  the  months  of  August,  September,  or  October.     This  lends 
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to  equalize  the  consumption  in  the  different  seasons,  because  the 

resident  inhabitants  consumu  their  proportion  of  g^as  during  the 

winter  and  early  spring;  months,  when  the  visitors  are  absent.     It 

Is  fair  to  conclude  that,  owing"  to  this  reg"ular  and  steady  con- 

^bumption^  the  plant  is  almost  continuously  employed,  and  there- 

^Hiore  a  smaller  capital  in   proportion   to  the  yearly  production  is 

^prequired  than  in  those  places  where  the  heavy  consumption  is 

spasmodic  and  brief. 

But  althoug^h  this  spasmodic  consumption  appears,  at  first 
sight,  a  serious  drawback,  in  practice  it  does  not  always  neces- 
sitate a  higher  price  for  the  gas  and  a"  much  larger  capital  outlay 
than  is  required  by  those  concerns  whose  consumption  or  sale 
of  gas  is  steadier  ;  for  in  some  of  the  large  manufacturing  towns 
tlie  mill  consumption  is  so  enormous  that,  by  straining  the  plant 
for  limited  periods,  the  disadvantage  is  counterbalanced, 
^m  There  can  be  no  question  that  expensive  enghieering  tends  to 
^P«n  undue  inflation  of  the  capital  account.  A  want  of  engineering 
skill  in  the  construction  of  works  has  precisely  the  same  effect  ; 

•for  here,  as  in  other  matters,  extremes  meet. 
Considerable  thought  will  always  be  given  by  a  capable  and 
conscientious  engineer  to  the  proper  arrangement  of  works.  He 
will  so  perfect  his  designs  that  the  works  shall  not  be  squandered 
or  sprawling  over  the  site,  occupying  unnecessary  space,  but  com- 
pact and  harmonious,  so  that  the  different  processes  in  gas  making 
may  be  conveniently  carried  on,  and  economical  in  the  working. 

^     Whilst   it  is   not   necessary  or  desirable  that  the  buildings  of 
gas-works  should  be  as  strong  as  a  castle,  it  is  equally  objec- 
tionable to  set  up  unstable  and  flimsy  structures  that  entail   an 
annual    heavy  expenditure   for   repairs,  constituting   a    perpetual 
tax,   enhancing  the  cost  of  working. 
^b      Excessive  and  unnecessary  ornamentation  Is  to   be  eschewed 
^■n  all  works  of  this   kind.     All  ornamentation,   however,   is   not 
^ppseless.     Blank    thick    walls,  for    example,    are    not    necessarily 
stronger  than   others   well   proportioned — thinner  and   lighter  in 
parts,  but  strengthened   by  suitable  projections  that  add   to  the 
beauty  of  a  building  by  breaking  the  dull  uniformity.     The  same 
argument    holds   good    as  respects  design    in    apparatus.     Taste 
should  not  be  neglected  ;  and  there  is  ample  scope  for  the  exercise 
of  good  taste  in  most  departments  of  a  gas-works. 
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On  a  closer  examination  of  the  question,  it  will  be  apparent 
that  there  occur  times  in  the  history  of  most  g'as  undertakings 
when  the  capital  expenditure  is  either  below  or  in  excess  oi  the 
averag"e — viz.,  when  the  margin  of  its  producing",  storing,  and 
distributing  resources  is  closely  worked  up,  and  enlargement  is 
required,  then  the  capital  compared  with  the  production  is  low. 
But  extensions  have  to  be  carried  out.  These  must  necessarily 
be  of  such  extent  as  to  provide  a  margin  for  future  increased  con* 
sumption,  and,  being"  larger  than  the  immediate  requirements  of 
the  district,  the  capital  is  swelled  out  of  proportion.  This  is 
especially  true  of  times  when  trade  is  brisk  and  labour  and 
materials  are  dear.  Then  extensions  are  costly,  and,  singular  to 
say,  it  is  at  such  times  that  they  are  most  frequently  made. 
Under  such  circumstances,  unless  resort  can  be  had  to  a  resene 
fund  to  maintain  the  dividends,  a  sacrifice  of  a  portion  of  the 
statutory  interest  has  to  be  submitted  to  or  the  price  of  the  gas 
increased. 

But  this  condition  of  tilings  is  by  no  means  inevitable.  One 
of  the  evidences  of  good  administrative  skill  in  the  conduct  of  a 
gas-works  is  the  ensuring  that  extensions  are  carried  out  sys^ 
tematically  and  with  foresight,  and  in  as  gradual  a  manner  as  may 
be,  not  postponing  them  to  the  very  last  extremity  ;  in  other  words, 
starving  the  concern — wearing  it  threadbare — which  is  the  worst 
policy  possible  for  the  undertaking  and  all  associated  with  it. 
including  both  shareholders  and  consumers. 

The  capital  of  gas-works   in   the  hands  of  corporations  and 
other  local  authorities    is,  as    a    rule,  in  excess  ot'  that  of  com- 
panies ;  but  this  arises  from  causes  well  understood.      Many  towns 
authorities  have  within  comparatively  recent  years  become  pos- 
sessed of  gas  undertakings  by  purchase  from  the  companies  who 
previously  owned   them  ;   and,  as   in   most  cases  they  have  hat! 
to  pay  the  full  market  price  for  the  concern,  amounting  to  from 
twenty  to  twenty-eight  years*  purchase  of  the  annual  profits,  and 
even  more  in  some  instances,  the  result  is  that  the  capital  outlay 
is    large — with  this  compensatory  advantagtr,  however,   that  the 
percentage  of  interest  to  be  paid  on  such  capital  is  not  more,  but 
usually  less,  than  that  paid  by  the  company  on  the  smaller  capital. 
As  time  goes  on,  and  extensions  of   the   corporation  works  arc 
made,   these  ai%  carried   out  with   an   expenditure,   though   not 
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necessarily  less  than  that  of  a  company,  yet  bearing  a  lower  rate 
of  interest,  and  consequently  pressing  less  heavily  on  the  resources 
of  the  undertaking. 

But  this  remark  needs  qualification.  In  the  case  of  local 
authorities  becoming  possessed  of  such  works,  a  sinking  fund 
has  to  be  provided  out  of  the  profits  to  redeem  the  capital  within 
a  given  period.  Fifty  years  was  fornrerly  a  usual  term  to  allow  ; 
but  there  is  a  tendency  (especially  on  the  part  of  the  Local  Govern- 
ment Board)  to  restrict  the  term  to  thirty  and  even  twenty  years. 
The  result  is  that  the  annual  charge  for  interest  and  sinking  fund 
is  in  excess  of  the  rate  at  which  a  comiJiiny  under  the  auction 
clauses  can  raise  its  additional  capital.  True,  the  sinking  fund 
eventually  wipes  out  the  capital  liability,  and  the  present  genera- 
tion of  overburdened  consumers  have  to  be  consoled  by  the  know- 
ledge that  posterity  will  reap  the  benefit  of  their  self-sacrifice. 

The  immediate  effect  of  an  excessively  large  capital  outlay 
by  a  gas  company  is,  as  has  been  already  remarked,  either  a 
sacrifice  by  the  shareholders  of  a  proportion  of  the  statutory 
ciividends,  or  an  augmentation  in  the  selling  price  of  the  gas  ; 
und  not  unfrequently,  when  the  capital  is  greatly  in  excess,  both 
these  undesirable  results  are  experienced. 

One  of  the  best,  perhaps  the  very  best  method  of  reducing  the 
proportion  which  capital  expenditure  bears  to  revenue,  is  to  culti- 
vate a  day  consumption  of  gas,  by  affording  facilities  for,  and 
encouraging  in  every  legitimate  way,  the  use  of  gas  for  cooking, 
lieating,  and  motive  power.  This  policy,  if  pursued  to  a  success- 
ful issue,  is  virtually  to  reduce  the  percentage  of  capital  in  the 
proportion  of  such  consumption,  because  the  plant  is  brought  to 
bear  in  earning  profit  during  the  daylight  as  well  as  in  the  lighting 
^iiours. 

k  It  is  unreasonable  to  expect  that  the  capital  of  gas  companies 
and  the  selling  price  of  gas  can  ever  be  uniform  throughout  the 
country.  It  would  be  just  as  reasonable  to  expect  that  the 
general  rates  of  different  districts  can  be  equalized.  All  the 
causes  above  pointed  out,  and  others  not  touched  upon,  militate 
against  such  a  result. 

The  ** Auction  Clauses,*' — These  clauses,  which  are  now, 
and  for  many  years  past  have  been,  introduced  into  the  Bill  of 
every  gas  company  making  application  to  l*arliament  for  money 
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powers,  arc,  without  doubt,   an  ingenious  and  fairly  satisfactory* 
device  for  securing  the  economization  of  capital. 

They  provide  that  the  additional  stock  or  share  capital  required 
shall  be  raised  by  public  auction  or  tender,  instead  of,  as  formerly, 
by  the  allotmenl  of  the  stock  or  shares  to  the  existing  share- 
holders pro  raia  at  par. 

The  immediate  result  of  this  is  that  there  is  no  inducement  to 
the  company  to  issue  and  expend  more  capital  than  is,  from  time 
to  time,  absolutely  necessary. 

.A  limited  amount  of  ordinary  stock  is  put  up  to  competition, 
and  this  bearing,  say,  a  7  per  cent,  standard  dividend,  commands 
(in  a  well-managed  company)  a  premium  in  the  market  of  at 
least  50  per  cent.  In  other  words,  ^\oo  par  value  of  stock  or 
shares  sells  for,  say,  £ii^o\  being  thus  sold  and  bought  to  yield 
about  4  to  43  per  cent,  interest. 

The  50  per  cent.,  or  whatever  premium  is  realized,  forms  part 
of  the  capital  for  extensions  of  works,  but  is  not  entitled  to 
dividend.  In  this  way,  the  importation  of  non-dividend  bearing 
capital  into  the  concern  is  advantageous  to  the  general  body  of 
consumers,  whilst  at  the  same  time  it  tends  to  give  stability  to 
the  undertaking. 

The  *' Sliding  Scafe." — This  is  not  inserted  compulsorily  in 
Gas  Bills,  as  are  the  auction  clauses,  but  at  the  option  of  the 
company  applying  to  Parliament.  A  standard  selling  price  for 
the  gas  and  a  standard  rate  of  dividend  being  given,  it  is  pro- 
vided that  for  every  penny  of  a  reduction  Jn  the  price  of  the  gas 
below  the  standard,  the  company  are  empowered  to  pay  a  \  per 
cent,  above  the  standard  dividend,  or  1  per  cent,  for  a  reduction 
of  fourpence,  and  I'ice  versa  if  the  selling  price  of  the  gas  is  raised. 

It  is  assumed,  though  it  is  by  no  means  always  the  case,  that 
the  margin  of  profit  earned  after  making  the  reduction  is  sufllcient 
to  allow  of  the  increased  dividend  lo  which  the  shareholders  arc 
entitled  ;  otherwise,  of  course,  it  cannot  be  paid,  unless  there  is 
a  balance  in  hand  of  revenue  that  can  be  drawn  upon. 

The  effect  of  the  sliding  scale  is  to  confer  a  greater  benefit  on 
the  consumers  than  on  the  shareholders  ;  because  a  reduction  of 
a  penny  per  1000  cub.  ft,  on  the  total  quantity  of  gas  sold  often 
amounts  to  a  sum  four  times  larger  than  that  represented  by  the 
additional    j    per  cent,   dividend  to   which    the   shareholders  are 
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entitled  by  reason  of  the  reduction,  tn  point  of  fact,  the  sliding 
scale  creates  a  virtual  partnership  between  the  gas  consumer  and 
t.tie  gas  proprietor,  to  the  advantage  of  the  former. 

The  combined  effect  of  the  auction  clauses  and  the  sliding 
^cale  has  been  to  induce  the  exercise  of  economy,  both  in  the 
expenditure  of  capital  and  in  the  general  working  of  the  under- 
taking, and  so  to  secure  a  gradual  reduction  in  the  selling  price 
c^f  the  gas. 

No  doubt  the  companies  who  were  enabled  to  adopt  the 
^sliding  scale  of  price  and  dividend  in  the  early  days  of  its  incep- 
tion are  to  be  congratulated  on  the  results  they  have  achieved  in 
•the  way  of  enhanced  dividends  by  its  application  and  working; 
laut  there  is  less  room  for  congratulation  to  any  who  adopt  it  now, 
-^rith  the  closer  limitations  which  prevail  in  fixing  the  initial  or 
standard  price. 

It  is  clear,  also,  that  companies  seeking  powers  at  a  time 
■uhen  coal  and  materials  generally  are  low  in  price,  are  placed 
at  a  disadvantage  as  compared  with  other  companies  applying 
to  Parliament  tn  a  time  of  inflated  prices.  Notwithstanding  all 
experience,  one  of  the  ruling  characteristics  of  average  human 
nature  is  to  conclude  that  that  which  actually  exists  will  scarcely 
ever  again  be  modified  to  any  large  extent.  Injustice  may,  there- 
fore, unintentionally,  be  meted  out  to  one  company,  and  more 
than  justice  to  another  ;  and  so,  when  the  reaction  comes,  the 
circumstances  of  the  first  sufftT  impairment,  whilst  the  other 
is  glutted  with  a  run  of  good  fortune.  This  want  of  equal  justice 
in  the  incidence  of  the  sliding  scale,  whilst  inevitable,  is  sufiicient 
to  convince  any  disinterested  observer  that  its  indiscriminate 
advocacy  is  a  mistake.  It  is,  moreover,  a  curious  and  interesting 
commentary  on  the  action  of  the  sliding  scale  that,  in  spite  of  the 
inducement  which  it  offers  for  a  low  selling  price,  there  are  both 
gas  companies  and  local  authorities  who,  without  it,  can  pro- 
duce and  sell  gas  at  a  price  as  low  as,  or  even  lower  than,  those 
who  boast  its  possession. 

Sundry  Useful  Notes, — In  choosing  the  site  for  a  gas-works, 
consideration  should  be  had  to  its  position,  which  should  be  at 
the  lowest,  or  nearly  the  lowest,  p.irt  of  the  district,  to  obtain  the 
advantage  of  the  natural  increase  in  the  pressure  of  the  gas  in 
travelling  to  the  higher  levels. 
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It  should,  if  possible,  be  alongside  a  railway,  navigable  river, 
or  canal,  for  convenience  in  the  delivery  of  coal  and  other  materials, 
and  the  disposal  of  such  of  the  residuals  as  arc  despatched  to  a 
distance. 

The  buildings  and  plant  should  be  so  set  out  on  the  land  as  to 
admit  of  future  extensions  being  made  with  ease  and  economy. 

The  design  of  a  structure  should  be  in  keeping  with  the  pur- 
pose for  which  the  structure  is  intended. 

The  term  "structural  value"  has  reference  to  the  amount  of 
capital  expended  upon  works  in  their  construction. 

"Commercial  value**  is  the  value  of  the  net  annual  profits 
which  a  firm  or  company  can  make  by  the  use  of  their  works. 

Capital  is  best  spent  on  substantial  tanks  and  apparatus. 
Mere  ornament  should  be  a  secondary  consideration. 

The  capital  of  most  gas-works  per  million  cubic  feet  of  gas  pro- 
duced per  annum  is  from  £^oo  to  ;£'7oo,  or  at  the  rale  of  about 
los.  to  14s,  per  1000  cub.  ft.  Reckoned  on  the  nuiximufn  pro- 
duction of  gas  in  24  hours,  the  capital  will  amount  to  about  2S.  3d. 
to  2S.  Sd.  per  cubic  foot,  or,  say,  £i  iz  to  £tT,T,  per  1000  cub.  ft. 


TABLE 

Sho7virig'  the  Time  in  which  the   Year/y  ConstimpHon  of  Gas  'seill 
be  Doubivtf,  af  Different  Annual  Hates  of  Iftcrease. 


Raupar 
cent,  of 

Incrsaso 
per  anD. 

Ttmo  In  wWoh 
Uie  ConiampUon 
will  bP  Doubled. 

Rate  prr 

cent  o( 
Increase 
l>er  anil. 

TImo  in  which 
the  Consumption 
wm  be  Doubled. 

Ral«p«r 
cent.  qI 
Increase 

per  nOB. 

Time  In  which 
the  Coniumptioa 
wiU  b«  Doubled. 

S 

St  y»xa,      1  day. 
SHyean,    34  days. 
SB  7hi%,  164  dayt. 
ao  yoari,    M  days. 
17  yaars,  346  dayi. 
16  yeati,  279  dayi. 
14  yeari,    76(la>i, 

64 

iay»ftM,  B45  daya 
U  years.  827  dayi.  ' 
It  yoars,      Sdayi. 
10  year*.     M  dayi.  , 

fl  yean,  aiSdayt. 

0  yrAri,      2  days. 

B  yean,  IBl  dayi.  i 

9 

e  yean,    IB  dayi. 
7  yetra,  SS3  days. 
7  yean,  100  daya. 
6  yean,  B44  dayt. 
G  ]  can,  a&4  daya. 
6  yean,  ]54diyi. 
C  years,    43da>s. 

Handy  Rale  for  Convert ifig  Capital  per  Million  Cubic  Feel  into 
Capital  per  Thousand  Cubic  Feet, 

Point  off  all  the  figures  after  the  hundreds  as  decimals,  and 
multiply  by  two. 
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Example. — The  capital  of  a  gas  undertaking  is  £62$  per 
I  ,ocx},o(x>  cub.  ft.  of  gas  sold  (or  produced)  per  annum,  what  is 
1:he  capital  per  1000  cub.  ft.  ? 

Then,  6'2S  x  2=  12*50 — say,  12s.  6d.  per  looo  cub.  ft. 

GOLDEN  RULES  FOR  GAS  MANAGERS. 

Keep  up  the  heats  of  the  retorts. 
Keep  up  the  efficiency  of  the  meters. 
Keep  down  the  pressure  ifi  the  mains* 
Keep  down  the  arrears  in  the  gas  ledger. 

These  rules  are  as  applicable  to-day  as  they  were  on  the  first 
<lay  they  were  penned,  as  they  embody  all  the  philosophy  of  gas 
management.  A  strict  adherence  to  the  advice  which  they  give 
will  ensure  the  success  of  any  gas  undertaking,  just  as  a  disregard 
of  them  will  result  in  loss  and  disaster. 

It  has  been  attempted  (with  little  success,  and  less  reason)  to 
impugn  the  utility  of  the  third  rule.  To  keep  down  the  pressure 
in  the  daytime  is,  it  is  alleged,  to  discourage  the  use  of  gas  for 
cooking  and  heating.  But,  surely,  to  make  such  a  remark  is  to 
betray  an  amount  of  dulness  not  easy  to  understand.  The  mean- 
ing of  the  rule  is  obvious.  It  is  not  advised  that  the  pressure 
should  be  kept  down  to  an  abnormal  extent.  Whatever  pressure 
is  required  either  by  day  or  night  must,  of  course,  be  maintained  ; 
the  rule  indeed  implies  as  much,  but  it  implies  something  more — 
its  object  is  to  discountenance  the  maintenance  of  a  wasteful 
pressure,  and  all  pressure  in  excess  of  actual  requirements  is 
wasteful.     Verbum  sat  sapientt, 

COEFFICIENTS 

OF   THE 

Number^  Dimensions^  and  Cost  of  the  various  Buildings,  Apparatus^ 
Machinery,  and  Plant  of  a  Gas^Works* 

It  is  an  almost  impossible  task  to  give  a  series  of  coefficients 
of  the    number,    dimensions,  and   cost    of  buildings,   apparatus, 
machinery,  and  plant  applicable  to  the  individual  case  of  every 
30 
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gas-works  in  ihc  United  Kingdom.  That  such  is  the  fact  will 
be  clear  when  tho  variations  in  size,  character  of  subsoil,  design 
(whether  substantial  or  otherwise),  unci  situation  of  such  works 
are  taken  into  consideration. 

Again,  altliough  the  cost  based  on  the  prices  of  labour  and 
materials  ruling  at  the  present  time  may  be  applicable,  it  is  evident  _; 
that  the  figures  wil!  necessarily  vary  with  the  fluctuations  in  thc^ 
market  prices  and  the  effect  of  competition. 

And  neither  is  it  possible  to  fix  with  perfect  accuracy  a  standar 
of  prices  as  a   basis  that  will  apply  even  under  existing  circum — 
stances,  as  such  prices  vary,  less  or  more,  in  different  parts  of  th 
country. 

At  the  best,  it  is  only  an  approximation  that  can  be  given,  an* 
an  attempt  in  this  direction  Is  made  as  follovys  :  — 

Prices  on  tohkh  the  Coefficienis  of  Cost  are  based, 

Labuur.  Average. 

Skilled  labour        ......  lod.  \ki  hour. 

Unskilled  !»l)our 4d.  to  6d.  per  hour.  9 

Bricksettiny,  labiiur  only        ....  is.  jd.  per  square  y&rd  9  in.  thick. 

Retort  iiCtLing,  labour  only     ....  23b.  per  mouthpiece.  ' 

Materials.  Average. 

Selected  best  pressed  bricks  .         .         .         .  £^^^  £2  $i>.  per  looa                  '0 

Common  bricks,  best     .....  205.  ]>cr  looo.                                  S 

Portland  cement    ......  50s.  per  Ion.                                      '*" 

hinj,  as  hydraulic  liiiiL*    .....  22s.       ,,                                             ^ 

Ordinary  lime 12s.       ,, 

Building  sand is.  per  load. 

Sheet  lead  for  flashing 13s.  6d.  per  cwl. 

Fire-brickti    .......  60s.  per  looo. 

Superior  refractory  bricks,  as  silica,  ^c. .  853.       ,, 

Fire-clay,  grourwl 20s,  per  ton. 

Clay  rctart!i  2t  in.  by  15  in.    .                             .  4s.  per  lineal  foot.                          I    " 

CasUirou  pipes  2  in.  lu    4  in.  diam.  £$  55.  |)cr  ton.                              ^t* 

„             5  in.  to    8  in jCs              .t 

„             9  in.  to  16  in £4  15s. 

,,             17  in.  and  upwards  j£"4  12s.       ,,                                  1-* 

Specials,  cast  iron           .         ■-         .         .         .  /,'8  to  ;^II  ,,                                      **** 

The  cost  of  laying  and  juiniing  pipes  is  given  on  pp.  247  and  248. 
Wrought-iron  tubes  according  to  list  prices,  with  60  per  cent,  discount. 

»>                               finings  „ 
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I^alKnir  ;incl  Malcriais  cuinhiiKt 

i. 

A\L:r;ii;c. 

Stock  hrickwork,  9  in.  thick  . 

S^.  6(1.  per  ii(|iture  yard. 

Common     „         best,  9  in.  thick    . 

3s.  9d. 

Superior  dressed  stonework     . 

3s.  per  cubic  foot. 

RubUe 

los.  per  cubic  yard. 

Slating 

3s.  to  3s.  6d.  per  square  yard 

^'lagging,  3  in.  flags 

3s.  6d.  to  ss.            „ 

Paving  with  $  in.  and  6  in.  setts     . 

3s.  6d.  to  5s. 

Portland  cement  concrete  I  in  9 

los.  per  cubic  yard. 

„                .1            I  in  7      . 

I2S. 

M                >>            1  in  5      . 

14s. 

Cast-iron  in  large  castings 

£7  los.  per  ton. 

M                    ,1               fixing  only 

155. 

„         small  castings 

/loto  ;^I2  per  ton. 

Plain  cast-iron  columns  and  beams  . 

jC7  ss-  to  £7  155-  per  Ion. 

»             ,>            fixing  only 

los.  to  15s.                 ,, 

Steel  or  wrought-iron  in  bars^  with  forged  ends 

for  roof  work 

£1$  per  ton. 

„               „               fixing  only  . 

£2         » 

channel    . 

;^I5 

,,                ,,                fixing  only  . 

£2 

Steel  or  wrought-iron  roofs,  per  square  yard  0 

r 

floor  area  covered,  but  not  including  slating 

14s.  to  17s. 

Steel  or  wrought-iron  in  bars,  with  forged  ends 

for  holder  work  and  apparatus  generally 

;£"i7  per  ton. 

„        fixing  only .         .         .         . 

£2        „ 

Steel  or  wrought-iron  in  forgings,  small  . 

£lS       „ 

,,               fixing  only    . 

£l 

„                in  sheets  and  plates  cold 

straightened    anc 

I 

punched    . 

£is     „ 

,♦                rivets  and  fixing     . 

£2  los.  lod.  per  Ion. 

,,                in  rolled  iron  girders 

£6  to  £6  los.     „ 

„                fixing  only    . 

15s- 

„                riveted  girders 

;^IItO;^I2 

,,                fixing  only    . 

los.  to  15s. 

Sheet  lead   flashing  and  linings,  and    labour 

placing 

. 

18s.  6d.  per  cwt. 

It  is  on  these  average  prices  current  that  the  coefficients  of 
cost  to  be  now  g^ven  are  based. 

Capacity  of  the  Works, 

A  gas-works  capable  of  producing  a  maximum  of  630,000  cub. 
ft.  of  gas  per  day  of  twenty-four  hours  is  taken  as  a  basis,  and 
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this  size  of  works  is  adopted  as  bein^,  Ihouj^^h  comparatively  small, 
about  a  fair  averaj^e,  and  to  ^ive  a  wider  applicability  to  the  figures 
than  they  would  have  had  a  vxn'  large  works  been  assumed. 

Usirii^  190  as  the  multiplier,  this  is  equivalent  to  an  annual 
production  of  120  million  cubic  feet.  Reasonable  allowance  is 
also  made  for  future  growth  in  the  consumption. 

The  site  of  such  a  works  will  comprise  two  to  three  statute 
acres  of  land.  It  is  assumed  that  the  site  Is  fairly  level  and  such 
as  to  admit  of  Its  being  fully  utilized. 

This  extent  of  land  is  capable  of  containing,  without  incon- 
venient crowding,  provided  the  works  are  laid  out  with  judgment, 
the  whole  of  the  manufacturing,  purifying,  and  storage  buildings 
and  apparatus  required  for  the  above  make  of  gas  per  day,  and 
also  the  buildings  and  plant  for  the  manufacture  of  sulphate  of 
ammonia,  the  recovery  of  sulphur,  and  the  distillation  of  tar. 

The  cost  of  the  apparatus  in  each  case  includes  erection. 

The  buildings  are  assumed  to  be  neat  and  substantial. 

Estimating  the  production  from  each  mouthpiece  or  retort  (oval 
or  O -shaped  21  in.  by  15  in.  by  10  ft.  long)  at  6uoo  ft.  of  gas  per 
day  of  twenty-four  hours  on  the  average— 

The  number  of  mouthpieces  required  is         .         .  105 

Add  by  way  of  surplus  to  meet  contingencies  21 


I 

I 
I 


Total  mouthpieces  required  .  .  126 

The  retorts  are  assumed  to  t>e  in  settings  of  sixes  or  sevens 

Cosl  reckoned  on 

ihe  Max.  daily 

Dcscriprion.  (24  hours')  Gas  I*ro 

ducUun  per  1 000 

Cubic  Feet. 


Cost 


Cosl  per 
Mouthpiece. 


10,080 


6,255 


Sfoffe  Fioor  Retort  Home  wilh  retort  slack 
JO  ft.  wide,  20  fl.  space  on  each  side. 
Retort  settings,  two  dwarf  chimneys, 
generator  furnaces,  all  ironwork  (in- 
cluding foul  main  round  the  Inside  oflhe 
house),  tools,  and  tmplements  ;  atsti 
covered  coal  stores  In  contnin  six 
weeks'  stock  of  coal  ralculaled  on  the 
maximum  da/s  consumption,  with 
railway  communication 

Stagr  Floor  Rttort  House  and  cua!  stores 
only,  AS  above 


L    5,    d. 


jC    s.    4 


16    o 


9  iS    9 


80   o  o 


49  »3    0 
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Cost  reckoned  on 
the  Max.  daily        >. 

Cost.  Descnption.  (24  hours')  Gas  Pro-   Mo^hoiece 

duction  per  1000  '^ 

£  Cubic  Feet. 

3,825     ReiortStackand  two  Dwarf  ChimneyshxL\\\.  j^  s.   d.  ;^  s.    d. 

up  firom  basement,  with  generator  fur- 
naces, retort  settings,  and  ironwork, 
complete     ......  613  30    70 

2,520  Brickwrn-k  of  Retort  Stark  and  two  dwarf 
chimneys,  generator  furnaces,  retorts, 
and  settings,  but  no  ironwork       .         .  400  20    o    o 

1,300    Ironwork  oTiXy  o[  stack  complete,  includ- 
ing hydraulic  and  foul  mains         .         .  213  10     7    o 
630     RetortSy   including  labour  in  setting  and 

all  fire-clay  materials  (no  ironwork)      .  100  500 

630     Geiteraior  Furnaces  and  ironwork  of  same  100  500 

7,000  Ground  Floor  Retort  House  with  retort 
stack  20  ft.  wide,  20  ft.  space  on  each 
side,  retort  settings,  two  dwarf  chim- 
neys, all  ironwork  (including  foul  main 
round  the  inside  of  the  house),  tools, 
and  implements ;  also  covered  coal 
store  to  contain  four  weeks'  stock  of  coal 
calculated  on  the  maximum  day's  con- 
sumption, with  railway  communication         11     2     3  ^  55  10    o 

4,190     Gromid   Floor    Retort    House    and   coal 

stores  only,  as  above  .         .         .         .  6  13     3  33     5    o 

2,8 10    RetoriStack^  twod  war f  chimneys,  and  retort 

settings,  with  iron  mountings,  complete  490  22     5    o 

1,606  Brickwork  of  retort  stack,  two  dwarf 
chimneys,  retorts,  and  settings,  but  no 
ironwork 2110  12150 

1,194     /rvffwr^  only  of  stack,  including  hydraulic 

and  foul  mains i   18    o  9  10    o 

630    ReiortSj  including  labour  in  setting  and 

fire-clay  materials  (no  ironwork)  .        .  100  500 

2,000  Railway  Communicaiiott  with  an  adjoin- 
ing line  of  railway.  This  is  an  un- 
certain item,  but  say  as  an  average  .  326  16  o  O 
460  Condenser,  This  may  be  of  any  form, 
vertical  or  horizontal  (the  respective 
cost  will  not  vary  to  any  great  extent), 
with  connections  and  bye-pass  mains 
and  valves,  complete.        ...          o  14    6 


'  The  cost  of  an  inclined  retort  house,  with  20  ft.  retorts,  conveyors,  and  all  brick- 
work and  ironwork,  complete,  may  be  set  down  at  ;^II5  per  mouthpiece,  reckoning 
two  mouthpieces  to  each  xtXoTt. 


570 
50O 

So 

3.780 


1,360 
400 


4,8co 


De»criplion. 


Boiler  attd  Exhauster  Btntte*  Chimney  and  setting  for 
two  boilers 

Steam  Boilers  of  the  Cornish  tj-pe,  two  in  number,  »»f 
stcci  and  of  ample  size  to  supply  steam  for  exhausters, 
scruhhcrs,  wii.shcr-scni!>ticr,  pumps,  sulphate  apparatus, 
and  any  other  purpose  on  the  works,  18  ft.  hy  5  f'-  6  '"-i 
and  ail  moiintin|;s  and  connections       .... 

E.xhauUer,  Capacity  40,000  ciih.  ft.  i>er  hour  driven 
direct,  with  its  own  steam  engine,  with  governor,  con- 
nections, bye-pa<is  mains  and  flap- valve  complete. 
Duplicate  exhausters  are  desirable  in  case  of  a  break- 
down , 

TfTiwr  ScrnlfhcrSt  two  in  number,  g  ft.  in  diam.  and  44 
ft.  hijjh  each,  with  ptnl-house  in  addition.  Wotnl  fill- 
ing, liquor  and  water  distributors,  washer,  al  base  of  first 

ll^asher  Situbber  with  steam  engine,  connections,  Iiyc- 
pa&s  mains  and  valves.  Capacity,  700,000  cub.  ft.  per  day 
Tar  and  Ammoniacal  Lt^tor  IVe/ls,  two  in  number  or 
one  divided  in  two.  These  are  assumed  to  be  under- 
ground, built  itf  bricks  in  Portland  cement  mortar; 
capacity  equal  to  four  weeks'  production  of  tar  and 
liquor  ;  with  separator 

Set  of  three  Ptimf-s  with  steam  engine    .... 

Cost  per  Souare 
Foot  01  Puryifying 


Cost  per  1000     m 

Cubic  Feet  of  G-  <^ 

(maximum]  , 

produced  per  Ita  jtf 

£  ^  A.       I 


Purifying  House.  Ground  floor  house 
with  cellar  and  six  purifiers  20  ft,  sc^uare 
by  5  ft.  deep,  and  lifting  apparatus  for 
purifier  lids,  wood  grids,  one  centre 
valve,  two  4-way  change  valves,  and 
all  connections  18  in.  diam.,  cmnplete 

House  only,  as  alwve      .... 

Rez'ivifyiug  Floor  adjoining,  for  oxide  of 
iron,  covered  by  a  roof  supported  on 
pillars 

Two  Sfcreyeil  Purifying  House,  includ- 
ing six  purifiers  20  ft.  squ.ire  and  5  ft. 
deep,  placed  on  upper  floor,  supported 
on  in)n  beams  and  columns ;  wood 
grids,  one  centre  valve,  and  two  4-way 
change  valves,  all  connections    tS  in. 


Area. 

£ 


d. 


1   11 
o  10 


3    4 


o  17 


9    6 


o  10 


2      3     0 


o  18 


O    12     6 


QAS  ENGINEERS  AND  MANAGERS. 


471 


Cost. 


1,780 
300 

2,520 


SCO 

42s 

5.040 
7,040 


336 
400 

31S 


65 
1,700 

700 

31  COO 


Description. 


Cost  per        Cost  per  looo 
Square  Foot  Cubic  Feet  of  Gas 


of  Purifying 
Area. 

;^s.    d. 


(maximum) 
produced  per  Day. 

£  5.   d. 


diam.  ;  hftmg  apparatus    for    purifier 

lids ;  revivifying  space  on  ground  floor, 

steam  engine  and  elevating  apparatus 

for  oxide  of  iron  and  lime    .        .        .        200  7126 

House  only  ^  as  above     .         .         .  o  16    6  3     3    o 

Oxide  Elevating  AppareUtis^  with  gearing, 

belting,  and  steam  engine    .        .        .        026  096 

Purifiers.     Six  vessels,  30  ft.  square  by 

5  ft.  deep  in  two  sets.     The  Hrst  four 

with  centre  valve,  and  the  two  last  with 

4-way  valves ;  with  wood  grids,  lifting 

tackle  for  covers,  and  all  connections  .        i     i    o  400 

Siation   Meter    House^   with    accommodation   for   two 

station  meters  and  two  station  governors  .        .  o  16    o 

Station  Meter»    Square,  connections,  with  bye-pass  ^-alves 

and  mountings,  complete  ;  capacity,  40,000  cub.  ft.  per 

hour o  [3    6 

Cost  per  1000 
Cubic  Feet  Capacity. 
Gasholder  Tanks,  two  in  number,  122  ft.        £    s.   d, 

diam.,  22J  ft.  deep=240,ooo  cub.  ft. 

each,  built  with  bricks  laid  in  Portland 

cement  mortar  and  puddled  .         .       10  10    o  800 

GasholderSt   two    in    numlwr,    two-lift, 

telescopic,  120  ft.  diam.,  40  ft.  deep, 

capacity  430,000  cubic  each,  together 

860,000  cub.   ft.,   equal  to  32  hours* 

(x^  da>V)  production  ;  with  stand  pipes 

and  valves 800  11     3    6 

Station  Gcvemcrs^  16  in.,  two  in  number, 

with  bye*pass,  connections,  and  valves .  076 

Foundations  of  AppareUus  throughout  the 

works o  12    6 

ConnectionSf  valves,  and  mains,  through- 

out  the  works,  16  in.  diam.   Tar  pipes, 

water  pipes,  &c.  ....  o  10    o 

Weighbridge  at  entrance         ...  020 

Offieest  Workshops^  Stores^  testing  room  and  laboratory*, 

and  furnishing 3  14    o 

Boundary  IVa/l,  Drains,  )*ard  paving,  and  conveniences  13    0 

Distributing  Plant.     Assuming  that  the  outlay  on  mains, 

valves,  syphons,  and  service  pipes  amounts  to  30  per 
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Description, 


Cost  pet  lOOO 
Cubic  Keel  of  Gas 

prwiuced  per  Djy. 


ccnL  d(  the  total  capitnE  expenditure,  which  is  a  fair 
averftfiep  then  ihc  tost  will  he       ,  .         .         .         . 

I  Stf//fkaU  of  Amm&ma  /tp/aralm,  capqcily  S  1°  7  ^°^^ 
liquoT  per  24  haurs  and  nppurlL-nanctfS  ;  including  two 
ca-sl-iron  puiifiers,  10  fi.  by  5  fu  by  5  ft*,  hydrjulic 
change  valve  and  wood  roof  on  piUars,  overhead  liquor 
tank  Ld  hold  lo  loriHt^  Itfad'liitfd  acid  store  lank,  And 
acid  supply  tank  with  ele\^ior,  pipes^  laps,  He.    . 

i^o     /fffiiih'tt^i  and  !ead -lined  sXcuc  fot  ditto  . 

140    Sulphur  Recffvcry  Apparaius 

310     Tar  Distitting  Apparatus 

280    Buildings  for  ditto 

Capital  Per- 

Amount,      centage. 

The  Capita!  of^  say,  ^70,000  weuM  be  dis-  £ 

tributed  as  under. 

Land,  law,  parliamentary,  and  engineering 

expenses 6,300  9 

Floating  capital 4j9oo  7 

Buildings  (including  a  stage  floor  house, 
the  brickwork  of  the  retort  stack,  the 
gasholder  tanks,  tar  wells,  and  founda- 
tions of  apparatus)         ....         22,400  32 

Apparatus  and  machinery  (including  the 
ironwork  of  retort  stack,  gasholders,  and 
the  apparatus  generally)         ,         .         .         15,400  22 

Distributing  plant,  mains,  service  pipes,  kc.        21,000  30 

Total        ....      ;^7o,ooo  100 

Dividing  the  ;^70,ooo  Capital  under  the 
Heads  of  the  Different  Departments, 
Land,  law,  parliamentary,  and  engineering 
expenses        ......  6,300  9 

Floating  capital 4>9<^  7 

Manufacturing 16,100  23 

Purifying  (including  condenser,  scrubbers, 
washer-scrublier,  purifiers,  &c.)     .         .  9iloo  13 

Storing !2,6oo  18 

Distributing 21,000  30 

Total        ....     ;^70,ooo  100 


33    6    S 


35  " 


2    2 
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MISCELLANEOUS. 


I 


BRICKS  AND  BRICKWORK, 

Usual  Dimcfisions  of  Jithfcs. 

9  in,  lon^  ;  4J  in.  broad  ;  2J  in.  thick. 

Weiorht  of  1000  common  clay  bricks,  about  3.[  tons. 

Weight  of  1000  fire-clay  bricks,  about  3J  tons. 

305  common  clay  bricks  wcip^h  about  i  ton. 

300  fire-clay  bricks  weigh  about  i  ton. 

32  bricks  laid  flat  will  pave  one  square  yard. 

52  bricks  laid  on  edge  will  pave  one  square  yard. 

Number  of  bricks  in  a  cubic  yard,  without  mortar,  416. 

Number  of  bricks  in  a  cubic  yard,  with  mortar,  384. 

In  England,  brickwork  is  generally  calculated  by  the  square  rod. 

A  rod  of  brickwork  measures  i6Jft.  by  16J  ft.  by  i  Jft.  =  306  cub. 
ft.,  or  II J  cub.  yds. 

A  rod  of  brickwork  =  272  superficial  ft.,  iJ^  bricks,  or  13 J  in, 
thick,  which  is  called  the  stamhrni  thickness. 

Number  of  bricks  in  a  rod  of  brickwork,  allowing  for  waste, 
4500. 

To  reduce  brickwork  from  superficial  feet  of  9  in.  thick  to  the 
standard  thickness  of  13J  in.,  deduct  one-third. 

To  reduce  brickwork  from  cubic  feet  to  superficial  feel  of  the 
standard  thickness  of  13J  in.,  deduct  one-ninth. 

To  reduce  brickwork  from  cubic  feet  to  rods,  divide  by  306. 

To  reduce  brickwork  of  more  than  \\  bricks  thick  to  super- 
ficial feet  of  the  standard  thickness  of  13J  in.,  mulliply  the  area  in 
feet  by  the  number  of  half-bricks  in  thickness,  and  divide  the  pro- 
duct by  3. 

To  reduce  brickwork  footings  to  superficial  feet  of  the  standard 
thickness  of  13J  in,,  multiply  the  length  by  the  height  of  the 
courses,  in  feet,  and  the  product  by  the  number  of  half-bricks  in 
the  mean  breadth,  and  divide  by  3.  When  the  number  of  courses 
is  odd,  the  number  of  half-bricks  In  the  middle  course  is  the  mean. 
When  the  number  of  courses  is  even,  the  mean  breadth  is  found  by 
taking  half  the  sum  of  half-bricks  in  the  upper  and  lower  courses. 
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Bond  in  Brickwork. 

Eng^lish  bond  is  the  strongest,  and  is  a  course  of  stretchers  and 
a  course  of  headers  alternately,  or  one  course  of  headers  and  one 
course  of  stretchers. 

Flemish  bond  is  a  header  and  stretcher  laid  alternately  in  the 
same  course, 

Hooj>-iron.  when  used  as  bond,  sliould  be  well  tarred  and 
sanded,  and  budded  in  Portland  cement. 

A  rod  of  brickwork  in  ordinary  building's  requires  about— 
r  cub.  yd.  of  lime. 
aj  cub.  yds.  of  sand. 
A  rod  of  brickwork  in  a  g"asliolder  tank  requires  about — 
I'l  cub.  yds.  of  blue  lias  lime. 
2\  cub.  yds.  of  sharp  river  sand. 
K  rod  of  brickwork  requires  aboul^ 

1 4*  cub.  yds.  of  Roman  or  Portland  cement. 
rif  cub.  yds.  of  sharp  river  sand. 
A  cubic  yard  of  quicklime.  .         weighs  about  1460   lbs. 

M         M         h\\xe  lias  quicklime  „  ,,       1470   ,, 

»,         .,  Portland  cement  .  ,,  ,,       2416    ,, 

,,         M  Roman  cement  ,,  ,»       ryoo   ,, 

M         1,  dry  sand        ,  .  ,,  ,,        2430 

The  above  materials,  whuti  made  into  mortar,  lose  about  one^^ 
third  of  their  bulk. 

Fire- Clay. 

The  value  of  fire-clay  consists  chiefly  in  the  proportion  of  th( 
alumina  to  the  fusible  matter  (viz.,  oxide  of  iron,  and  the  alkalic*e^ 
of  magnesia,  potassa,  and  soda,  X:c.)  and  to  the  silica  ;  these  being^^ 
the  principal  ing^redients  of  which  it  is  composed.  The  larg^er  th( 
proportion  of  alumina  to  the  fusible  matter,  the  more  refractor 
the  clay.  Of  two  clays  containing'  alumina  and  fusible  matter  ti 
the  same  proportions,  that  which  contains  the  least  silica  is  th( 
more  refractory. 

The    celebrated    clays    of    Stourbridge,     Newcastle-on-Tync, 
diflerenL  parts  of  Yorkshire,  Scotland,  and  a  few  other  places,  are. 
valuable  in  the  manufacture  of  bricks,  tiles,  and  retorts  used  in 
furnaces  for  the  distillation  of  coal. 

The  table  on  next  page  will  be  found  useful  in  this  connection. 
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TABLES 

Showing  the  N^mfjer  of  Bricks  ni  Wafh  of  diffettvt  Areait^  from  ^  a 
Brick  up  to  i  Brick»  thick.  Rtckoned  at  4500  Bricks  to  the  Hod 
{2*i'2ft.  aiiper.)^  allow int/  fur  U'ojite, 

Tablk  I. — Fi-oin  1  to  50  Szifterjicial  Feet. 


Arm  of  Wall, 

1  Brick 

I  Brick 

U  Briclu 

Vhick. 

2  Bricki 

Si  BriL-ksj  S  Brick*  H  BHek» 

«Bri<-k> 

Sup.  reel. 

on  Bed. 

Thick. 

Thick. 

Thirk. 

Thirk. 

Thick. 

I   Tlii.k. 

1 

G 

II 

17 

22 

28 

33 

39 

44 

2 

U 

22 

33 

44 

55 

66 

77 

88 

S 

17 

38 

50 

66 

83 

99 

116 

132 

4 

S2 

44 

66 

88 

110 

182 

154 

176 

6 

28 

56 

83 

110 

138 

165 

198 

221 

6 

33 

06 

99 

132 

165 

199 

232 

265 

7 

80 

77 

116 

154 

193 

282 

270 

309 

8 

44 

S8 

132 

176 

221 

265 

309 

868 

9 

50 

99 

149 

199 

248 

298 

347 

397 

10 

55 

110 

]«5 

221 

276 

331 

386 

441 

11 

61 

121 

182 

243 

803 

364 

425 

486 

12 

63 

132 

199 

2<(5 

331 

397 

463 

629 

la 

72 

14:! 

215 

287 

358 

480 

502 

574 

14 

7? 

154 

232 

30H 

386 

463 

540 

618 

16 

83 

ltt5 

248 

3.'n 

414 

496 

579 

662 

16 

as 

17« 

265 

3S3 

441 

529 

618 

706 

17 

94 

187 

2J*1 

375 

409 

f>63 

666 

760 

18 

99 

199 

298 

397 

406 

596 

695 

791 

19 

106 

210 

314 

419 

524 

629 

738 

838 

20 

no 

221 

331 

441 

551 

662 

772 

882    J 

21 

116 

232 

317 

463 

579 

695 

81] 

926    1 

22 

121 

243 

:m 

485 

607 

72S 

849 

971    1 

33 

127 

251 

381 

M7 

634 

761 

888 

1016 

94 

la-i 

2fif. 

397 

im 

fifi2 

79-1 

926 

1069 

SS 

138 

276 

4U 

m 

689 

K27 

965 

1103 

36 

148 

287 

430 

574 

717 

860 

1004 

1147 

27 

140 

298 

447 

596 

744 

893 

1(M2 

1191 

28 

154 

309 

463 

618 

772 

926 

1081 

1235 

29 

160 

320 

480 

040 

SCO 

960 

1119 

1279 

SO 

155 

331 

4J»6 

6tt2 

827 

993 

1158 

1324 

81 

m 

842 

M3 

684 

865 

1026 

1197 

1368 

82 

178 

853 

529 

706 

882 

1059 

1235 

1412 

88 

183 

304 

546 

728 

910 

1092 

1274 

1456   J 

34 

188 

37f» 

rKi3 

7.'>0 

938 

1126 

1313 

1500   1 

86 

193 

386 

579 

772 

965 

1158 

1351 

1544     « 

36 

'    199 

397 

596 

794 

993 

1191 

1390 

1588 

87 

204 

408 

612 

816 

1020 

1224 

1428 

1632 

88 

210 

419 

629 

838 

1048 

12f.7 

1467 

1676 

39 

•21  r. 

430 

645 

860 

1076 

1290 

1506 

I?2I 

40 

'J2l 

441 

602 

882 

1103 

1324 

1544 

1765     _ 

41 

226 

452 

678 

904 

1131 

1867 

1583 

1809   t 

42 

232 

463 

695 

926 

1158 

1390 

1621 

1858  4 

48 

287 

474 

711 

941) 

1186 

1423 

1660 

1897 

44 

248 

4S5 

728 

971 

1213 

1456 

1699 

1941 

45 

246 

490 

744 

99S 

1241 

1489 

1737 

1985 

46 

254 

607 

761 

1015 

1268 

1522 

1776 

2029 

47 

260 

518 

778 

ia^7 

1296 

1555 

1814 

2074 

48 

265 

629 

794 

1059 

1324 

1588 

1853 

2118 

49 

270 

MO 

8U 

1081 

1351 

1621 

1892 

2162 

DO 

276 

651 

827 

no3 

1379 

1654 

1930 

2200 

■ 

t 

a 

P 
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n 
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'fhowiiuf  tfus 

Number  of  Bricks  in  Walls  of  dijff^xnt  Areas,  from  J 

a  Brick          H 

vp  to  4  Jlricks  thick.      Hwkon&i  at  -1500  Bricks  (o  ilia  Jioil  ( 

272 /«<          1 

mjm-.), 

aiionrinjjfor  (K<(«?c. 

^H 

Table  IL— 61  ^^  100  Superficial  FttU 

i  Brictti              1 

Area  of  WrII. 

i  BDok 

1  Rrirk 

li  BrlcVi 

'I  Briobn 

3)  HrlckB 

3  Brioki  lai  Brichi 

,    Bap.  PmI. 

on  Bed. 

Ibick. 

thick. 

tLtcb. 

tUlck, 

thick. 

thick. 

thick.                ■ 

61 

281 

663 

844 

J 125 

1405 

1688 

1909 

2250                1 

U 

387 

674 

etio 

1147 

1434 

1721 

2007 

2294                ■ 

68 

392 

684 

877 

1169 

1461 

1754 

3046 

3338         ^^1 

64 

31>B 

596 

603 

1191 

1489 

1787 

2066 

2383        ^^H 

65 

SOB 

607 

910 

1213 

1517 

1820 

2133 

3426        ^^H 

66 

30Q 

61H 

93Q 

1235 

1544 

1853 

3163 

3471 

1         67 

814 

62U 

943 

1257 

1573 

1886 

22O0 

2515 

68 

330 

640 

960 

1273 

1599 

1919 

2339 

2559 

69 

335 

661 

976 

1301 

1»>27 

1963 

3278 

2603 

(^ 

aai 

6ti3 

998 

1323 

l<i54 

ItlHS 

231 G 

3647 

61 

386 

673 

1009 

1846 

J  682 

3018 

3355 

2691 

6a 

3^3 

ea-i 

102B 

1308 

1710 

2061 

231*3 

3736 

68 

B47 

035 

104i 

1390 

1737 

aoas 

2-132 

2779 

64 

353 

706 

1059 

1412 

1765 

31  IB 

2471 

2824 

66 

358 

717 

1075 

m;j4 

17')2 

3161 

^am 

2868 

66 

864 

728 

1003 

1-J56 

18-20 

3184 

3548 

2yl3 

97 

369 

739 

HOB 

1-178 

1847 

2217 

2586 

2956 

ee 

376 

750 

1120 

l.'iOO 

1876 

3350 

2636 

SMJO 

69 

8»1 

761 

1142 

1522 

1903 

22&<i 

26r.4 

3044 

70 

386           772     1 

llfiS 

1544 

1939 

2310 

2702 

3088 

71 

303 

783 

1175 

1666 

1966 

2349 

27<ll 

3)33 

73 

897 

794 

IKIl 

1588 

1985 

23ti2 

2779 

3177 

73 

408 

80ft 

120H 

1610 

2013 

2415 

2618 

8331 

74 

408 

Hlfi 

1224 

ia32 

2040 

3149 

2857 

3266        .■ 

75 

U\ 

827 

1241 

lft54 

2068 

2ltt2 

2895 

3309        ^^H 

76 

119 

838 

laii? 

1676 

20t«J 

■2.^15 

2934 

3353         ^ 

77 

AlTi 

84i» 

1274 

1699 

3123 

2548 

3973 

3397 

78 

Am 

8*iO 

1290 

1721 

2151 

25H1 

3011 

3441 

70 

m\ 

671 

1307 

1743 

2178 

zni4 

3050 

3486 

60 

4-11 

883 

1324 

1766 

2206 

3647 

3088 

3529 

81 

447 

893 

1340 

1787 

2233 

2i^ 

3127 

3574 

B2 

453 

904 

1357 

I8(W 

326) 

271  a 

8166 

3619 

68 

46B 

916 

2373 

1831 

2289 

274B 

3304 

8663 

84 

463 

933 

1390 

18'J3 

2316 

2779 

8243 

8700 

86 

46'J 

088 

1406 

1875 

23J4 

2813 

3281 

8760 

86 

474 

949 

142:j 

1B-.I7 

2371 

2846 

3320 

8794 

87 

4H0 

96fJ 

H3<1 

I9in 

231)9 

3B79 

3368 

3838 

Ba 

485 

970 

1456 

19-11 

2426 

2913 

8397 

3882 

8'.) 

491 

983 

1472 

1963 

2464 

3945 

S43B 

8926 

90 

496 

903 

1J89 

1985 

2463 

3978 

3474 

3971 

91 

C02 

iOOJ 

IfiOO 

2007 

3509 

3011 

3513 

4016 

93 

507 

1015 

1522 

2029 

2637          3044 

3551 

4069 

96 

513 

1026 

1639 

2061 

2mi4          3077 

n.V.K) 

4103 

94 

518 

1037 

1566 

2074 

3592         3110 

3C29 

4147 

9.0 

fi24 

10-48 

1572 

ao9fi 

2619 

3143 

3667 

4191 

96 

G39 

10f>9 

1588 

2118         2647 

3176 

8706 

4235 

97 

&35 

1070 

1605 

2U0         2676 

3210 

8744 

4279 

93 

540 

1081 

1631 

3162         3703 

3243 

3783 

'     4324 

99 

546 

1093 

1638     '     2181         2730 

8276 

8822 

,     4868 

100 

"      661 

1103 

1664     i     3206         9757     <     3809 

8860 

!    4413 

^^1 

^^T^M 

^^1 

^^^^^1 

■^S 

^^m^H 

BOOK   FOR                             ^^ 

478 

NEWBIOGINO'S   HAND 

Shorn H</  tJie  NrntUifir  of  lin'ch  /tt  \Vaif«  fi/ 

different  Areas^j'rofn  A  Jirir^:^^^U 

up  Ui  4  liricks  tfiiek.      Rf.ekoned  til  4500  liriclu  to  tJus  Ro'i  (272  ;<— ^^ 

jmpw.), 

idlmointjfor  WaAt€, 

^H 

Tabt^  \\l,—Finm  1 10  to  600  Superficial  F«f.                             W 

Area  of  Wmll. 

'  IBriak 

1  Brick 

H  Bricki 

SBricki 

^  Bricki 

BBrickilsiBrlcki 

4Brick^^b 

Sup.  PoeL 

on  Bod. 

tblck. 

Uiiak. 

thiuk. 

thick. 

(hick. 

ibick 

tbirfc.          ■■=■' 

no 

607 

121J 

1820 

2426 

H0H3 

864U 

4246 

48S^E-^ 

190 

062 

1391 

19S6 

2647 

3309 

3971 

4682 

699M-    -4 

130 

717 

1481 

2151- 

2S6ti 

3586 

4301 

6018 

HO 

77a 

1544 

2316 

ROBH 

3860 

4632 

6404 

filTffv^^wC 

160 

827 

1651 

2482 

3309 

4136 

4968 

6790 

661^^^9ft  m 

160 

882 

17lifi 

2647 

3529 

4412 

6i94 

6176 

7069i^^SO'fl 

170 

938 

1876 

3»13 

I17f>0 

4688 

561^ 

6663 

IBO 

9'J3 

1985 

2978 

3971 

4963 

5966 

6949 

7941_^K— J^l 

190 

IWS 

209Q 

3143 

4191 

5i^39 

6287 

7885 

6S8J^^^^fl 

SCO 

1103 

2906 

3309 

4412 

5515 

6618 

7721 

8824^^^H^I 

210 

n&a 

2316 

3474 

4632 

5790 

6949 

8107 

92G^^^9ii^l 

220 

1213 

2426 

3040 

4H53 

6066 

7'*79 

8493 

OTA^^^^^I 

sao 

12i;8 

2637 

3805 

6074 

6349 

7610 

8879 

940 

1324 

2647 

3971 

5294 

6618 

7941 

9266 

10;588^^^-9 

S60 

1379 

2767 

4136 

5ol5 

6898 

8272 

9651 

I1.029t^9 

960 

1484 

2868 

4^01 

6735 

7169 

6603 

10.037 

970 

1489 

2978 

4467 

5956 

7445 

8984 

10,423 

uiwa^^^-s 

880 

]£'14 

3066 

4682 

6176 

7791 

9266 

10,809 

I2,363K^-^^ 

990 

1590 

3190 

4796 

6397 

7996 

9596 

11.196 

12,794^^-| 

800 

J  664 

3309 

4963 

6618 

827J 

9996 

11,661 

810 

1710 

8419 

6129 

6838 

8643 

10.257 

11,967 

18.67^^M 

920 

I76S 

3529 

6294 

706ft 

B824 

10,588 

12,363 

8S0 

1820 

3640 

.';40o 

■7279 

IK)99 

10,919 

12,739 

14.,S69^^B9 

840 

1876 

3750 

6625 

7600 

9375 

11,250 

13,135 

u)iQO^^ 

850 

IdSO 

3660 

5790 

7721 

9651 

11,581 

13.611 

15.441     —       _ 

sra 

108.5 

3971 

5966 

7941 

9926 

11,912 

13.897 

UjBa9^    M 

870 

2040 

4061 

6121 

8162 

10,202 

19,243 

14,283 

16.324.           ■ 

880 

i^O-JO 

4191 

6287 

8382 

10.478 

12,674 

14.669 

16,766-             ■ 

80O 

2151 

■S301 

6459 

»i*l3 

10,754 

12,904 

15,056 

17,S0&           ■ 

400 

2'iOfl 

4412 

6618 

8824 

11, 0-29 

13,235 

16.441 

17,64r    ■ 

410 

22G1 

4522 

67»3 

9044 

ii,:w6 

13,666 

16,827 

isloeft^B 

420 

9316 

4rt32 

6949 

9265 

11,681 

13,897 

16.218 

]8^9»^^H 

430 

2371 

4743 

7114 

9485 

ll,8i7 

24,228 

16.590 

18,971    ^^H 

440 

9426 

4863 

7279 

9706 

12.132 

14,569 

16.986 

19,413           ■ 

450 

2482 

4963 

7445 

9926 

12,406 

14.890 

17,371 

19.853            ■ 

460 

3637 

6074 

7610 

10,147 

12.684 

15.921 

17,767 

aasM         ■ 

470 

2592 

6184 

7776 

10,368 

12.'.^ 

15,561 

18.H8 

90,735             ■ 

480 

2647 

6294 

7941 

10.588 

13,236 

16,882 

18,629 

21.176             ■ 

490 

2709 

6404 

8107 

10,809 

13.511 

16.213 

18,915 

21,619             ■ 

600 

2757 

6616 

8273 

11.029 

13.787 

16,644 

19.301 

93.059             ■ 

SIO 

2613 

5625 

84^8 

11,260 

14,063 

16.875 

19.688 

99.500             ■ 

620 

9fm 

6736 

8603 

11,471 

14,338 

17.206 

20,074 

9S.941             ■ 

630 

aDua 

581G 

tt7li8 

11,691 

14, (HM 

17.f>;l7 

20,460 

93.3ta           ■ 

640 

2'J7S 

rj956 

8934 

11,912 

14,81*0 

17,808 

20.846 

93.894           ■ 

660 

30.J3 

eotte 

90^)9 

12.1. -^2 

15.165 

18.199 

21.939 

94,965           ■ 

660 

3088 

6176 

9266 

12,;{63 

15.441 

18.629 

21,618 

94.706           ■ 

670 

8143 

6287 

9480 

12^74 

15.717 

18,860 

32,004 

96.147             ■ 

680 

319U 

6897 

9596 

12,794 

is.^.'oa 

19.191 

39.890 

25.589             ■ 

890 

3254 

6507 

9761 

13,015 

16.2G8 

19.522 

22,776 

96.029            ■ 

600         1 

8809 

6618 

9926 

13,2S5 

16.644 

19,853 

23,169 

96.17)             ■ 

P^^^^^V3H 

^^^^^         GAS   ENGINEEUS  AIJD   MANAGERS.                     470           ^H 

S^ttrittif  tiu  Number  of  Bricks  in  WniUoJ'aifffi'fitU  Areas,  fro7n  J  a  Brick          ^^H 

vp  to  4  lincks  thick.     iUckmcd  at  4500  Bricks  to  the  Rod  (272  J'$«t          ^^H 

super,),  allowimj  for  Wust^,                                                                              ^^H 

Tablb  IV.— From  CIO  to  2000  Supcr/fcial  Feet.                                ^H 

^  AT«orw»ii 

4  Brick      1  Briok    1 

I  Pricks  ^ 

Urickf  a 

\  Brickf.  t 

)  Brickii  04  Bfiok» 

I              ^^H 

^H    Slip.  fmi. 

on  Bed.      thick. 

ihlok. 

thi^k. 

thiok. 

thick. 

tbick. 

^^H 

^H 

ajGi         6728 

10.002 

13,456 

16.B20 

20,184 

23,548 

^^H 

^H          090 

3419 

6838 

10;2B7 

13,«7H 

l?,^*^ 

20.516 

23.934 

27,353                ^^H 

^^1^630 

3474 

6949 

10,4-23 

13,b97 

17,371 

20,646 

24,320 

27,71:4          ^^H 

^^^^^^^^mMO 

8629 

7a59 

1D,6&B 

14,U8 

I7,*;'l7 

21.176 

24,706 

28,235               ^^H 

^^^^ 

8S8G 

7109 

10,754 

14.;5:i8 

17,023 

21,607 

25.092 

38,676               ^^H 

^^^Km 

3640 

7271) 

10.9!'.' 

14.659 

ib.imi 

21,838 

25,478 

20,118               ^^H 

^^^^^^BffTO 

8B95 

73W) 

U,08i 

14,771) 

18,474 

22,109 

25,664 

29,559               ^^H 

^^Veso 

3760 

750) 

11,2.»0 

16.000 

18.750 

22..'K)0 

36,350 

30,000               ^^H 

^^^  690 

aec) 

7610 

U.41G 

15,221 

19.026 

22,t<31 

26.686 

30,441               ^^H 

^H          700 

aytio 

7721 

11,681 

16,441 

10,301 

2;J,U)2 

27,022 

30,882              ^^H 

^H 

31115 

7Bai 

ll,74fi 

15,WJ 

l!9.r.77 

23.493 

27.408 

81,324              ^^H 

^B          730 

31171 

7941 

11.912 

1G,B.S2 

la.Hfis 

2;).824 

27.794 

31,766              ^^H 

^l          780 

4020 

8001 

12,077 

16,10;^ 

20,129 

24,164 

28.180 

33,206              ^^H 

^H          740 

4081 

8169 

12,243 

16.924 

20,4U4 

24.486 

28.566 

32,647              ^^H 

^H           760 

4136 

8272 

12.406 

Ui,644 

20,680 

24,816 

28.952 

33,088              ^^H 

^H           7fi0 

4191 

BUBa 

12,574 

16,76r> 

20,9.'.fl 

26,147 

29.338 

^^H 

^B           770 

424G 

8493 

12.739 

16.985 

31,282 

25,478 

29,724 

33  971              ^^H 

^B 

4301 

6603 

19,904 

17,206 

21,507 

25,809 

30.110 

^^H 

^H           790 

4A67 

6713 

13.070 

17.426 

21,783 

26,140 

30,496 

31,853              ^^H 

^H           800 

4412 

8894 

13,'iJWi 

17,647 

23,059 

30.471 

30,882 

35,294              ^^B 

^B           810 

44fi7 

8034 

13,401 

1V.P18 

22,3ri5 

26,801 

31,368 

35,736              ^^H 

^m       eao 

45*2i 

0U44 

13,506 

18,Cd8 

22,610 

27,182 

31,664 

^^H 

^H            830 

4A77 

9164 

13.732 

18,309 

2'i,886 

27,463 

9-2.040 

86.618            ^^H 

^H            840 

4632 

9265 

13,&f»7 

1B^29 

23,162 

27,794 

39,426 

87.069             ^^H 

^H            850 

4688 

9375 

14,063 

18,760 

23,438 

28,125 

32.813 

37.500             ^^H 

^H        sdo 

4743 

9485 

14,228 

18,971 

23.713 

28.456 

33.199 

37.941             ^^H 

^H           870 

4798 

9596 

14,393 

19,191 

2a,W9 

28,787 

33,585 

38.363             ^^H 

^H           880 

•1818 

9706 

14,669 

19,412 

24,265 

29,118 

33,971 

38.824             ^^H 

^m          B90 

41*06 

98  IB 

14,724 

19.632 

24.540 

29,449 

34,357 

39.265             ^^H 

^H            900 

4963 

9936 

14.890 

19.S53 

24.816 

29,779 

84,749 

39,706             ^^H 

^H            910 

5018 

10.037 

1fi,055 

20.074 

25.092 

30,110 

95,129 

^^1 

^m            930 

6074 

10,147 

16,921 

20,ai)4 

26,368 

80.441 

36.516 

40,588             ^^H 

^H            990 

6129 

10,367 

15.386 

20.f^l5 

25,648 

30,772 

36,'^)1 

41,039            ^^H 

^■^    940 

6184 

10,368 

15,561 

20,735 

25,019 

31.108 

86,287 

^^H 

^^K  960 

6289 

10.478 

15.717 

20,956 

26,195 

31,434 

87.673 

^^H 

^^^m-  960 

6294 

10,688 

16.882 

21.176 

20.471 

81,765 

87,069 

42,353            ^^H 

^^^^^    970 

5349 

10,60^) 

I6.a4d 

21,397 

26,746 

32,096 

37,446 

42.794            ^^H 

^V           960 

64<M 

10,809 

10,213 

21,618 

27.022 

32,426 

37.831 

43,236            ^^H 

^B            990 

6460 

10,919 

16.379 

2I.a38 

27.2^)8 

32,757 

39,217 

^^B 

^m       looa 

5515 

11,029 

16.544 

22,069 

27.574 

39,088 

38.603 

44,118            ^^H 

^H        1100 

G066 

12.132 

18.199 

24,265 

30,331 

36,397 

42.463 

48.529            ^^Hl 

^H           1-200 

6018 

la.an.^ 

19,653 

20,471 

33,088 

39,706 

46,324 

^^H 

^B           ]300 

7169 

U,33d 

21,507 

28,676 

35,846 

43,016 

50.181 

57,353            ^^H 

^H           1400 

7791 

15.441 

23,162 

30.882 

39.603 

46.394 

64.044 

^^H 

^H           1600 

8279 

16,544 

24,616 

33,088 

41,360 

49,632 

57.904 

^^H 

^H           1600 

8824 

17,647 

26.471 

35.294 

44,118 

52,i)4i 

61.765 

70,688           ^^Hl 

^H          1700 

9376 

ie,7G0 

38.126 

37,500 

46,825 

06.950 

66,035 

75,000           ^^H 

^H          1800 

9996 

19.858 

29.779 

89.706 

49,632 

69,659 

69.485 

^^H 

^H           1900 

10.478 

20,956 

31,484 

41,913 

52,890 

09,868 

73.3-16 

&).B34           ^^H 

^H          8000 

11,099 

22,059    1  38,0tJ8 

44,118 

66.147 

66,176 

77,306 

88,236           ^^H 

1 

1 

^^r 

^^M 

|| 

^ 

WBIGGINO'S  HANDBOOK  FOR 

^ 

480 

NE 

Showing  the  Number  of  Bricks  in  \ynlhs  of  diffneni  Areas  from  \ 

a  «ri>^— 'A 

up  to  4. 

hiicks  thick.     liechmeU  aMOOO   Bricks  to  the  /foi/ (ii72/c-^==«* 

8Ujier.)j  (I 

IIowiili{^ 

for  Waste. 

Table  V. 

— From 

2100  to  250,000  Superficial  Feet. 

Are*  or  Wall. 

4  DrJcV 

1  Brkk 

l^Bricki 

Q  nricki 

U  Brickii 

a  Bricks  'Si  Bricks 

4  Brick  M-inTf 

8ui>.  Fcot. 

on  lied. 

thick. 

thick. 

tliick. 

thick. 

thick.        thick. 

thick. 

2100 

11.581 

Q.H,162 

84.743 

46,324 

67,'J(H 

69.486'      81,066 

93,e^MM 

S200 

12.1^2 

2\:Mih 

3C,8?7 

48,629 

60,fi62 

72,794 

84.936 

97.0^^^l 

2300 

12.584 

20,a68 

88.051 

60,736 

63.419 

76.103 

88,787 

lui,4^BlH 

>                        2400 

13,236 

2tt.471 

89.706 

62,911 

66.176 

79,412 

02,647 

105.dt^:^^§« 
11/1  ■»■             1*  ^1 

SAOO 

13,787 

27»&74 

41.860 

65,14? 

68,934 

88,731 

96.607 

liU,x==»1  ^ 

2600 

14.^^ 

2«,676 

4^.015 

67,363 

71.691 

86.029 

100.866 

lu.TiriTaij 

27t0 

14.890 

2:*,779 

44,060 

69.669 

74,449 

89.338 

104.228 

ihM^M-i 

2800 

15,441 

80.882 

46,324 

61,765 

77.206 

92,647 

106,088 

123,6tT~*J 

£900 

]5,1W3 

a]/j85 

47.L»78 

63,971 

79.963 

96.956 

111,949 

127,9-^:»1 

8000 

16,544 

U3.0HH 

49,032 

66,176 

82,721 

09.266 

116,809 

192,3  .«Z»J 

8100 

IV^ftHi 

34,101 

61,287 

68,382 

a'5,478 

102,574 

119,069 

136,7  «3ft 

ttaoo 

17,M7 

35,2J4 

62,!.41 

70,68^H 

88.236 

106,882 

123.539 

141X^^8 

&3O0 

lb,  lay 

ao.ao7 

64,6% 

72,794 

90,903 

109.i91 

127,390 

146.5-85 

tMOO 

18.750 

87,600 

66,260 

76,000 

9;  J, 760 

112,500 

131,360 

loO.'^OO 

8fiO0 

19,301 

88.603 

57.904 

77,20(1 

90.507 

115309 

135,110 

lf4,*  XL' 

3600 

19.863 

39.706 

59,559 

79,412 

09.265 

119.118 

138.971 

158,S:t-M 

8700 

20,404 

40,B09 

61,213 

si.fpie 

102,022 

122,426 

142^11 

ia8,22}5 

aeoo 

20,U56 

41,912 

62.868 

&;j,P24 

104,779 

126,736 

146.691 

l«7,&-aT 

8000 

21,507 

48,015 

64,622 

86.029 

107,637 

12'-1,044 

150.661 

I710«S9 

•lOOC 

aa,069 

44,118 

66.176 

88,236 

110.W4 

132.363 

164.412 

ne.-A^i 

•IJOO 

22.010 

45.221 

C7.831 

90.441 

113,051 

135.662 

168.272 

180,6£a 

■1200 

2;j,162 

46,324 

09,486 

a2,647 

116,8a* 

138.971 

162,132 

ie6,as4      1 

41100 

2:j,7ia 

47.420 

71,140 

91,H5:V 

118,6(56 

142,279 

165.993 

199. -rw 

4400 

24,2(16 

48,62'.) 

72,794 

97,059 

121,824 

146,588 

169,863 

194,  a  18 

4500 

fl4.8IC 

49,»i;i2 

74,449 

99.2i;5 

124,0**1 

148.897 

173,713 

I98.eafl 

4ti00 

a4.3«B 

50J35 

7G.10U 

101.471 

12(1,838 

152,206 

177,674 

302.^41 

4700 

2S.ttlll 

61,.H3a 

77,767 

103.rt7ti 

V2^jm 

166,615 

161.434 

907.35.1 

4300 

26,471 

62.011 

79,412 

106,882 

132.;i53 

158,824 

185.294 

21UT(IS 

4900 

27.C22 

64,044 

81,066 

108.088 

135.110 

162.132 

189,164 

216.176 

6000 

27.67') 

65,  H7 

82,721 

110.294 

137,868 

166,441 

193,016 

a20,^« 

10,000 

55,147 

UO.S-J^ 

165,441 

e20,6H8 

275.735 

330,882 

886,029 

441.178 

15.000 

82,721 

1 06,441 

248,162 

330.882 

413.603 

496,324 

679,044 

661, 7«5 

20.000 

I10.2M 

220,588 

330,882 

441.176 

561.471 

661,766 

772,059 

m.sis 

26,000 

i:n.Su» 

276,736 

413,003 

651,471 

689,338 

827,206 

965,074 

\M.041 

80.000 

ICS.'Ml 

.iii08M2 

49ti.3Jl 

661,7^..^ 

B27.9nti 

^+92,647 

1,168.088 

1.323. .53!? 

86.000 

I'.KVII;-. 

:i8ii.i);^H 

5711,041 

772.0:,'.t 

9H5,074 

1,168.088 

1,361.103 

1,544,1  »• 

40,000 

^20,5By 

441,176 

661.705 

&82;!63 

1.102,941 

1.323.529 

I.644.1I6 

1.761.7« 

45.000 

248,1  ii'2 

49(1,324 

744.485 

992.617 

1.240,809 

1.488.971 

1,737,132 

1.06S,!SM 

60.000 

276,73.-. 

fj'.MTl 

827,2C6 

l.Ut*2.911 

1,378,676 

1,664,418 

1.990,147 

9>»,80 

65.000 

mj.nij'.i 

i;in.,r.ib 

'.iw.\yit\ 

1,213,2;)/. 

1,616,644 

1,819,768 

fl,123,16S 

mW^ 

60.000 

a;ja.H^^ 

f;rii,7<>rj 

992.6)7 

l,;i2M,629 

1,6.^4.412 

1.985,294 

8,816.176 

^Mm 

05.000 

3S8,45b 

7Ui,9I2 

1,07  5, 3&8 

1,433,824 

1 .7152.279 

2.160.736 

2,609.191 

%m^ 

70.000 

S8«,0Q9 

772,069 

M68,08b 

1.644,118 

I.'.iL^,147 

2,316,176 

2,7O2,20€ 

8,086^ 

76.000 

413,603 

827,2mi 

1.240,8t>i) 

l,Cw4,412 

:!,0(:a,oir 

■i,i81,61H 

2,896,221 

3.308,8» 

80,000 

441.l7li 

ifH'2,:ir,A 

I.,i2:i,62:9 

1 ,7tJ4,7W 

2:2i)->,H^L 

■2,6^i:.0r.yt3,OS8,23,^ 

3^.413 

H5,000 

((".3,7  :»o 

5Ja7,600 

1.40li/26C 

1,876.000 

2,.M;t.7.M 

J,»12,.'.00,3,2»1.26C 

8,760)000 

dO.OOO 

4'.)(i,32-l 

il'.e,fi47 

1.488.971 

t.986.2'.Jl 

2.1.si,*-,|(- 

2,977.941 

3,47  4. 2t^ 

3.<'70,ft68 

1)5.000 

5"iJ,&'J7 

l,047.7U4 

1,671.701 

2.ft»6,68e 

2XA[\,-iSh 

3. 143,385 

3.667.271 

4.191.176 

100,000 

651.47] 

1,102,941 

1,664,412 

2,206,883 

2,767,361; 

3,808,824 

3,660,39^ 

4,ai,7&s 

150,100 

627.306 

1.654.412 

3,481,6 18 

3,809,824 

4,136,02= 

4.968,23( 

6.790,44 

SsiTtf' 

300.000 

1,103,941 

2.205,862 

3,305.824 

4,411,766 

5.5U.7W 

6,617,64' 

7.730,68( 

8^29 

960.000 

11,878.676 

2.757.368 

4.136.02i] 

&,614,70e 

Q.693,882!8,27a,0&9l9,65D,73. 

i  1X.039,41S 
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MORTAR  AND  CONCRETE. 

Morlar, 

By  Measure. 
Lime       ........         i    part. 

Sharp  river  sand 3    parts. 

or, 

Lime i    part. 

Sand 2    parts. 

Blacksmith's  ashes  or  clinker,  ground     .         .         1    part. 

Coarse  Mortar, 

Lime        ........         x    part. 

Coarse  sand 4    parts. 

Hydraulic  Litne  Morfar, 

Best  blue  Has  lime  ......         i    part. 

Clean  sharp  river  sand     .....         2^  parts. 

Best  blue  lias  lime i    part. 

Burnt  clay        .......         2    parts. 

or. 

Best  blue  lias  lime i    part. 

Puzzolana i    part. 

Clean  sharp  sand 6    parts. 

Cement  Mortar, 

Cement,  Portland i    part. 

Clean  sharp  sand 3    parts. 

The  lime  should  be  fresh  burnt,  and  not  more  than  sufficient  of 
the  mortar  for  a  day's  work  prepared  at  once.  The  cement  mortar 
should  only  be  made  as  it  is  being  used. 

Concrete, 

By  Measure. 
Blue  lias  lime  concrete  (for  foundations) — 

Gravel,  shingle,  broken   stone,   bricks,  or   old 

retorts,  1}  to  2  in.  cube  ....  6  parts. 
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Clean  sharp  sand      ..... 
Blue  lias  or  other  hydraulic  lime 
Portland  cement  concrete  (for  tank  walls) — 
Gravel,  shingle,  broken    stone,  bricks,  or 
old  retorts,  i^  in.  cube 
Clean  sharp  sand  ..... 

Portland  cement  ..... 


Dy  Measure. 
2  parts. 

I  part. 


7  parts. 
2  parts. 
I  part. 


Mastic  CemefU  for  BuiUiings. 


1  part  red  lead. 
5  parts  ground  lime. 
5  parts  sharp  sand. 
Mix  with  boiled  linseed  oil. 


I  part  red  lead. 
5  parts  whiting, 
lo  parts  sharp  sand. 
Mix  with  boiled  linseed  oil, 


Clean  sharp  sand  (not  having"  its  particles  rounded  by  attrition) 
should  always  be  used  in  the  composition  of  mortar  when  it  can 
be  procured  ;  but,  otherwise,  clean  well-burnt  ashes  may  be 
substituted. 

In  preparing  ordinary  mortar  it  is  desirable  to  mix  a  small  pro- 
portion of  smithy  ashes  with  the  lime  and  sand.  On  this  subject 
Mr.  Graham  Smith  remarks  {Engineering  Papers^  p.  20),  •*  The 
importance  of  the  admixture  of  ashes  with  mortar  to  be  atmo- 
spherically dried  will  be  shown  by  the  following  results  :  The 
bricklayers'  mortar,  with  common  bricks,  after  a  lapse  of  eighty- 
four  days,  broke  with  570  lbs. ;  when  sand  was  substituted  in  place 
of  ashes — that  is,  when  the  proportions  were  1  slaked  lime,  2  sand, 
and  no  ashes — it  only  required  257  lbs.  lo  tear  asunder  the  bricks. 
These  are  the  averages  of  three  experiments.  This  is  no  doubt 
attributable  to  the  ashes  being  porous  ;  they  thus  allow  greater 
facilities  for  the  absorption  of  carbonic  acid  from  the  atmosphere.*' 

The  more  sand  that  can  be  incorporated  with  the  lime,  the 
better  the  mortar,  provided  the  necessary  degree  of  plasticity  is 
preserved. 

A  load  of  mortar  is  equal  to  one  cubic  yard. 

A  hod  of  mortar  measures  9  in.  by  9  in.  by  14  in. 

Two  hods  of  mortar  are  nearly  equal  to  a  bushel. 

The  mortar  in  a  rod  of  brickwork  (4500  bricks)  is 
cvvt.  of  chalk  lime  and  2  loads  of  sand,  or  i   cwt. 
lime  and  3  J  loads  of  sand. 
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Handy  Multiplier  for  Wrought^Iron, 
If  the  area  in  square  inches  of  the  cross  section  of  any  specimen 
of  wrought-iron  be  multiplied  by  3*34»   the  product   will   be   the 
weight  in  pounds  of  a  lineal  foot  of  such  specimen. 


FLAT  BAR  IRON 

._  Weight  in  lbs.  of  a  Lineal  Foot, 

Bnadth 

Thioknoss  in  Parte  nf  ui  Inch. 

Id 

l-4th. 

5-l«tha. 

3-8tli8. 

7-16tbs. 

1-half. 

5.8lhji. 

3-4  thB. 

7-8th«. 

I 

•835 

1044 

1-253 

1-461 

1-670 

2-088 
2-348 

2*506 

2-923 

3-340 

ji 

•939 

1-174 

1-409 

1-644 

1-878 

2-818 

8-287 

3-766 

jf 

1-044 

1-305 

1-M6 

1-826 

2-088 

2-609 

3-132 

3-653 

4-176 

]| 

I -148 

1-435 

1-722 

2-000 

2-296 

2-870 

8-444 

4-018 

4-592 

li 

l-afi2 

l-&t>6 

1-879 

2-192 

2504 

3-131 

3-768 

4-384 

5-008 

ll 

i'3r>8 

l-flftB 

2-03C 

2-374 

2-719 

3-392 

4-070 

4-749 

6-432 

i5 

1'463 

1-827 

2-192 

2-667 

2924 

3-«53 

4*384 

5114 

5-848 

if 

r&M 

1-957 

2-348 

2-740 

8-132 

3-914 

4*896 

5-479 

6-2C4 

2 

i-en 

2088 

2505 

2-922 

3-342 

4-175 

6-010 

5-846 

fl-684 

2 

t-775 

2-218 

2-662 

3-105 

8-550 

4-435 

5-324 

6-210 

7-10O 

a 

1-880 

2-348 

2-818 

8-288 

3-760 

4-696 

6-636 

6-575 

7-620 

3 

1-984 

2  479 

2 -975 

3-470 

3-968 

4-957 

5-960 

6-941 

7-936 

2 

2-088 

2-609 

3-131 

3-653 

4176 

5-218 

6-262 

7-306 

8-362 

2 

2193 

2-740 

3-288 

3-836 

4-386 

5-479 

6*576 

7-671 

8-772 

2 

2-297 

2-870 

3444 

4-018 

4-594 

5-740 

6-888 

8-036 

9*188 

2 

2-402 

3-001 

3-60] 

4-201 

4-804 

6-001 

7-202 

8-402 

9-608 

t 

2-5oa 

3- 131 

3-768 

4-384 

5-012 

6-2«2 

7-/.  16 

y-7*«7 

100-24 

2-71 G 

3-892 

4-071 

4-749 

5-430 

6-784 

8-142 

9-1  Kft 

10-860 

Si 

2-923 

3-653 

4-384 

5-114 

5-846 

7-306 

8-768 

10-y"2S 

11^92 

si 

8132 

31114 

4-697 

6-479 

6-264 

7-828 

9-394 

10 -959 

12-528 

*  ? 

a-341 

4-175 

5010 

r.-s^5 

6-682 

8-3M 

10-020 

11-690 

13-364 

4 

3-M9 

4-430 

5-323 

6-210 

7-098 

8-871 

10-640 

12-421 

14-lJW 

4 

8-768 

4-«97 

5-«3« 

6-r.75 

7-616 

9-393 

1 1-272 

13  151 

16-032 

4 

3-966 

4-958 

5 -94(1 

6  0-11 

7-982 

9-915 

ll-SflS 

13-881 

15-864 

5 

4-175 

5-219 

tJ-2(W 

7-306 

8-350 

10-437 

12-526 

14-612 

16-700 

4-384 

5-479 

6-576 

7-671 

8-768 

10-958 

13-152 

15-313 

17-536 

H 

4-583 

5-741 

6-889 

8-037 

9-186 

11-480 

13-778 

16 -073 

18-372 

M 

4-801 

6  001 

7-202 

8-402 

9-602 

12-002 

14-404 

16-804 

19-204 

6 

5010 

fl'262 

7-615 

8-767 

10-020 

12-624 

16-030 

17  5:15 

20-042 

ROUND  BAR  IRON.— fr^^A/  in  lbs.  of  a  Lineal  Foot, 


l>iametFr 

in 
Inches. 


Weight 
in  lU. 


■040 

-168 

•363 

•660 

1*006 

1-466 

1-990 

2*690 

3-300 

4-070 

4-020 

6-860 


Diameter 

ID 

Inchen. 


Weifht 

in  In. 


6-870 
7-970 
9-160 
10-406 
11-750 
13-106 
14-670 
16-2f.6 
17'92r) 
19 -GOO 
21-600 
23-406 


Diamettir 

in 
Inches. 


I 


Weil 
inll 


Diameter 

in 
Inches, 


26-400 
27-476 
29-626 
31-870 
34176 
36  576 
39-056 
41-620 
44-J60 
46-990 
49-790 
62*675 


Weight 
in  Ib^. 


55-640 
6S-688 
61-820 
65040 
68-930 
71-700 
76*160 
78700 
82-300 
86-006 
69-800 
93-650 
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SQUARE    BAR  IRON, 

Weight  in  lbs,  of  a  Lm$aX  Foot, 


Bida  In 

Weictal  in 

eide  tn 

Welsbl  ia 

Bide  in 

Welgbl  to 

Side  La 

Inobe«. 

lb«. 

lA4bB«. 

Itii. 

loobei. 

ibB. 

luotaet. 

i 

•053 

11 

a-aa 

34 

02 -72 

41 

71-60 

i 

■208 

11 

10*23 

8* 

8C-2d 

u 

76-36 

1 

•46'J 

1| 

11-74 

81 

aSMO 

4| 

79-54 

1 

•8;ia 

a 

ia*36 

31 

40*02 

6 

83*44 

1-304 

31 

16-08 

at 

44-01 

H 

87-90 

: 

1-876 

2i 

lG-91 

3J 

46-96 

Bi 

93*40 

a -657 

Qt 

18-84 

H 

60-38 

&t 

96*67 

1 

S310 

21 

20-86 

i>8-44 

&i 

101 -04 

H 

4-237 

2t 

ay-io 

H 

60*97 

61 

105-87 

U 

6 -210 

21 

25-05 

H 

60-33 

H 

110-80 

i| 

G'3H 

21 

27-70 

n 

64-08 

61 

115-48 

U 

7-504 

3 

80-02 

41 

67*64 

6 

190-06 

SHEET   IRON    AND    STEEL. 

Wnght   of  a   Super/tcinl   Foot   in  L*ounds  and   Fractions,  with  Con^^^ 
sponding  Number  and  Thickness  of  Binnintjitatn  Wire  Oautje. 


Thick  nets 

Wvlebt  per 

BoDikre  Foot 

TblcfcD«at 

WaichI  per 

So  of 

in  Paruof  &n 

No.  of 

In  Puts  of  an 

Sqoara  Foot  t— ^ 

Birmini;)i4ra 

Incti. 

uilbs. 

Birmingham 

lOfib. 

lb*. 

Wire  Uaage. 

Ooaril  ol  Tmdo 

Wire  Qaugc. 

Board  of  Trade 

Standard. 

Iron.     Btetl. 

Siaudard. 

Iron.           ai.«*^ 

1 

-800 

12-00 

la^aio 

19 

•041 

1-64      1-67;^ 

9 

334 

11  •3b 

U'687 

20 

•035 

1-40 

1'49» 

8 

960 

10-4S 

10-60S 

21 

•a-^a 

1-28 

I  »•& 

4 

288 

9*G9i 

9-71C 

22 

•U2S 

1-12 

1-149 

6 

320 

6*80 

8-976 

23 

•OiS 

1-00 

1-0«J 

6 

208 

8-12 

8  •282 

24 

•022 

0-88 

0899 

7 

180 

7-2I) 

7^344 

'iG 

■020 

080 

0  61ff 

8 

16S 

6*60 

0732 

26 

-018 

0*79 

0-7M 

9 

US 

5*92 

6-038 

27 

■016 

0-64 

0-668 

10 

i;j« 

6-40 

6-506 

28 

•014 

0-56 

o-sn 

11 

I'iO 

4-80 

4  •896 

29 

•013 

0-62 

0-630 

19 

109 

4-36 

4*447 

80 

•012 

0-48 

O-490 

13 

0Q5 

8'eo 

8-876 

Bl 

-010 

0-40 

0-40S 

14 

089 

3-32 

8-886 

93 

'Ooy 

0-36 

0-967 

16 

■072 

2-86 

2-038 

83 

'008 

0-82 

0-Utt 

16 

■oi;5 

2*  fid 

a-a-ia 

84 

•OOT 

0-28 

0-8M 

17 

•008 

2-02 

■2-m\ 

85 

■005 

0-90 

O940 

18 

-000 

200 

2-040 

j       aa 

■004 

0-16 

0-168 

I 


At  a  Special  Meeting  of  the  Iron  Trade,  held  on  February  aS, 
1896,  it  was  resolved  that  the  Standard  of  Measurement  for  Iron  of 
all  descriptions  shall  in  future  be  the  Birmingham  Gauge.      It  was 
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further  decided  that  the  annexed  table  of  decimal  equivalents  be 
adopted  as  corresponding  with  the  number  on  the  Gauge. 


¥nc- 

Decimal 

1 

Frac- 

Itectmal 

• 

No.B.G. 

tions  of 

Bquival'nts 

No.B.  G. 

tions  of 

Equival'nts 

an  Inch. 

of  an  Inch. 

an  Inch. 

of  an  Inch. 

r 

ooo 

h 

•5 

1 

i      14 

■0785 

00 

•4462 

i      15 

•0699 

0 

... 

'3964 

1      16 

A* 

•0625 

1 

>.• 

-3532 

17 

•0656 

Plates] 

2 

•3147 

18 

-0496 

3 

•2804 

19 

■044 

4 

i 

•25 

20 

•0392 

5 

•2225 

21 

•0349 

6 

... 

•1981 

22 

^ 

•03125 

IsheetB. 

7 

■1764 

23 

•0278 

8 

•157 

24 

•0247 

9 

■1398 

25 

•022 

Sheets 

10 

i 

•125 

26 

•0196 

11 

•1113 

27 

•0174 

12 

•0991 

28 

A 

•015625 

^ 

13 

•0882 

29 
30 

-0139 
•0123 

STEEL. 

fVeight  of  One  Foot  of  Round  Steel. 


I>Iametertai 
Inches. 


i        I 


1     li 


1* 


II 


U 


H    1} 


11 


V^eigbt  per 
Foot  in  iht. 


167; -878 


1^04  1-05 


2*06a'67  8^88 


4^185^06 


6^027-07  8-a 


9*41 


11 '71 


V/'EIGHT  IN  POUNDS  OF  A  SUPERFICIAL  FOOT 
OF  IRON,  COPPER,  AND  BRASS. 


Thiekneti  bj 
the  Binning* 

Iron. 

Copper. 

Brass. 

Thiclinesa  by 
the  Birming- 

Iron. 

Copper. 

Brass- 

ham  Wire 

Oaagfl. 

lbs. 

lbs. 

lbs. 

Gauge. 

lbs. 

lbs. 

lbs. 

1 

12-60 

14^60 

18  76 

16 

3-60 

390 

2'76 

2 

12-00 

18-90 

18*90 

17 

218 

3-62 

3-40 

8 

1100 

13-76 

ia-10 

18 

1*86 

3*16 

304 

4 

10-00 

11-60 

11-00 

19 

1-70 

1-97 

1-87 

6 

8'74 

10-10 

9-61 

90 

1-64 

1-78 

1*69 

6 

8-12 

940 

898 

ai 

1*40 

1*63 

1-64 

7 

7-60 

8^70 

8-25 

23 

1-36 

1-46 

1*37 

8 

686 

7^90 

7^64 

33 

1-18 

180 

1-28 

9 

6-24 

720 

6-86 

34 

100 

116 

1-10 

10 

6-62 

6-60 

6*18 

36 

*90 

1*04 

*99 

11 

6-00 

6-80 

6-60 

96^ 

•80 

•93 

*68 

la 

4-88 

6-oe 

4'81 

97 

•72 

■88 

•79 

18 

8*76 

4-84 

4*13 

36 

'64 

•74 

•70 

14 

8^12 

8-60 

8*43 

39 

*66 

•64 

•61 

16 

3-82 

827 

8*10 

30 

•BO- 

•68 

-66 

WEIGHT  OF  A  SUPERFICIAL 
VARIOUS   METALS. 


In  Inclin. 

Wfqught 

Iron. 

Cast 
Iron- 

Btoel. 

Copper. 

Brus. 

Lead. 

Zino. 

Ijlnebii       ^ 

Ibi. 

ib». 

lb.. 

Ibi. 

Iba. 

Ib«. 

lbs. 

l-16tb. 

2*626 

2-944 

!i'66a 

S-801 

2 

374 

3-70^ 

2  344 

1.16th. 

l-Sfeb, 

5 -052 

4 

687 

6'1{M 

B-78L 

6 

469 

7-417 

4-687 

l-8ih. 

&.16thfl. 

7-678 

7 

031 

7-666 

8-672 

8 

203 

11-125 

7031 

3.16tlia. 

l'4th. 

10-104 

0 

876 

10-208 

11-563 

JO 

938 

14 -ess 

9-375 

]-4th. 

6-1Gtba. 

13030 

H 

7111 

12  ^ao 

14-453 

81 

672 

18-542 

U-719 

5-16tb». 

Seiha. 

36-156 

14 

062 

15-312 

17-944 

16 

406 

22-250 

U  062 

3-8ib«. 

7-16the. 

17-tiS2 

It) 

40U 

17-8&5 

20-284 

19 

Ul 

25-966 

16-406 

7-16ths. 

1-half. 

20  20a 

18 

760 

20  4 17 

2B'1'26 

21 

875 

29-B67 

18-750 

l.haK. 

g-IGtbs. 

22-734 

21 

09-1 

2-i-969 

26'010 

24 

609 

J3-376 

21  094 

946tbi.   ^ 

E-ea.H. 

25-260 

23 

437 

25-621 

28-SKW 

27 

344 

37-083 

23  437 

5-6thB.    ^M 

n-16thB. 

27-T&6 

25 

718 

28-073 

31-7B7 

30 

078 

40-792 

26-781 

Uietba.  ^V 

6-4tliB. 

30-312 

2d 

12fi 

30-025 

34  6bU 

B2 

813 

44-600 

28-126 

U-4ih8.           1 

18-16tbR. 

B'2-ft39 

uo 

46tt 

33-177 

37-678 

35 

547 

46-206 

30-469 

13.16UU    1 

7StU9. 

36-365 

32 

bl2 

B6-729 

40-469 

38 

261 

51-917 

32-812 

7.8tbi. 

15'Mtba. 

37-891 

S5 

150 

&d-281 

43-369 

41 

016 

56-625 

35-156 

IK.lfiH,. 

linoh 

40-417 

87-600 

40-668 

46-260 

43-750 

59-333 

37-50O 

linch. 

^ 

1 


WEIGHT  IN  PARTS  OF  A  POUND  OF  A  SPHE! 
I  IN.  DIAM.  OF  VARIOUS  METALS. 


Bnm 
Cast 

B— iH^^r;!. 

Irnii 

Inm 
Wrought. 

BUmO. 

LmiL 

Tin. 

Zk-mK 

•166 

■159             -167 

•186 

-145 

•147 

•214 

•ISO 

•^39 

HOOP  IRON. 
Weight  of  lo  Lineal  FeeL 


Vndfh  in  Inches 
and  Parts. 


No.  or  Gauge     . 
Wutght    in    lUt.    abd 
Dttcimal  Parts        , 


21 


20 


19  I  IS 


u 


17 


■885 1-24  1-60  2-05 

I      I 


u 


11 


16  16 

2-73,3-40 


n 


16 
3-72 


2i 


13  13 
6-0e!6-83 
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TAPER    ANGLE    IRON,    OF    EQUAL    SIDES. 


l^oji^h  o(  Sides  ii) 
Ucbei, 

TbickDCfti  of 
Edgei. 

TllrkncMof 
Root. 

WtiBbi  of  0&«  Linckl 
Foot  io  Ibe.  &cd 
Dcdinikl  PsrU. 

n 

P 

4  in, 
i 

i 

i  bftr« 

tin. 
A  bare 

140 

10-375 
8a6 
68 
6-0 
8'K76 
8'Wi 
2026 

TAPER    T-IRON. 


Width  of 

Top  Table  in 

Inchei. 

Total  Doplh 
in  Inches. 

n  birkncuot 

Top  Table  at 

Root. 

TblcknfHii  of 

Top  Table  at 

Edgui. 

Uniform 

Tblckncu  of 

Kib. 

Wiightof  One 

Lin«ai  Foot 

Uk  tbi. 

8 
S 
2 
3i 

2 
3 

2^ 

21 

8 

ii 

tin. 

1 
i 

lin, 

1 
A 

i 
A 

Ain- 

A 

4  full 
i 

4 

8-0 
80 
ft-25 

6-6 

a-6 

S-»70 

WEIGHT    OF   CORRUGATED   IRON    ROOFING. 


B.  W.  Qftugc 
16 

38 

n 

24 
S6 


0  feet 
6 
6 
6 


Site  of  Sbocts. 

X     9  feet  lo  8  feet 


X  a 

X  2 

X  a 

X  3 

X  2 


a  (» t 

8    .. 

3     „ 

a*  „ 

24  ., 


Pur  Bquaro. 

SJIowt. 

2i 

»l 

M 

U 

1 


Super.  Feet 
per  ton. 
KM 
.  1000 
.  Ifl60 
.  IbM 
.  1880 
.     2170 


WEIGHT    IN    POUNDS    OF    NUTS    AND    BOLT- 

HEADS. 


Diameter  of  Boll  iD 
iDchet. 


B 


S 


li 


14     i| 


Weight    of     Hexagoo 
Not  and  Head. 


I 


Weifcht  of  Square  Nat 
and  Head. 


017 


091 


057    128 

I 


0701-164 


•267  -430 


321 


7aoMo!a-i4 


-663 


6831' 81 


a-775-62 


76 


a- 66 


4-4a7-00 10-60 


172288, 

21  o; 
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NEWBIGGING'S  HANDBOOK   FOR 


WHITWORTH'S 


SCREWS  WITH 
THREADS. 


ANGULAR 


PUmoter  in 
Indies. 


Number  of 

ThrcidM  pur 

Indi. 


DiwneUr  in 
tucbett. 


NnDiber  of 

Thread  B  p«r 

Inch. 


51 


Diameier  in 
luchrt. 


Number  nf 

Threiulii  per 

In.b. 


Angle  of  threads  55'  in  every  instance. 

The  threads  do  not  intersect  at  their  sides,  but  are  rounded  off 
i  both  at  top  and  bottom,  making  their  depth  equal  to  J  of  th 
pitch. 

The  number  of  threads  to  the  inch  in  square-threaded  screws 
is  generally  half  the  number  of  those  in  angular-threaded  screws^ 
and  the  depth  equal  to  the  space  between  the  threads. 


n 
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WEIGHT  AND  STRENGTH  OF  ROUND  ROPES 
OF  HEMP  AND  WIRE. 


Hemp. 


C#Lith  at 


Wei  If  hi  per 

^thtnn 
or  Hix  Pc«» 

iOlEK 


u 

114 

12 


'15 
•26 

*&9 
I'M 
1-70 
2-00 
2^ 
319 

41(1 
5-27 
6-50 

r*»fl 

11-00 
1274 

u-sa 

1064 

18-7S 
2HM 

8149 
34>38 
37-44 


WabEhi 
I? 


Iron  Wire. 


e»Mi  wito- 


otrthor  Wdifhtiwr 


Ton&      In  Inchest.      ]n  lbs. 


U 

1 
1 

it 

5 

11 

12; 
14 

1ft 

'io 
22 


S0 


*56 

1 

I' 

^^ 
f 

I' 

10 
]] 
12 

13 
1-1 

15 
]ti 
18 
30 
1^6 
32 


BrMblnt '  Girth  «r 
W*ticht      Cinnnn- 

In         '   fi?rviM-'i? 


1 
3 

ji 

I 

fl 

It* 
11 
12 

i« 

17 

m 

iifi 

21 

^4 

24 
27 

*H 

54 


twir 


Weight 
of  iSt  KdcI 

inlto. 


1 
1 

1 

1 

2 

24 

2 

I 

t 

t 

I 
1^ 

S 
10 
12 
1£ 


Weight 

In 
TAru. 


Hemp 


breaking  weight  in  tons. 


To  find  ike  Breaking  Weight  of  Hound  Ropes  of  Hemp^  Iron 
Wire^  and  Steel  Wire, 
(drcum.  in.)' 

5 
Iron  wire  (circum.  in.)*x  i '5  =  breaking  weight  in  tons. 
Steel  wire  (circum.  in.)'x  2*5  =  breaking  weight  in  tons. 
Factor  of  safety  for  hemp,  iron,  and  steel  ropes  <^  J. 

To  find  the  Weight  of  Hemp  Ropes. 
(Circum.  in.)^x  26  »  weight  in  lbs.  per  fathom. 


NEWBIGGIKG'S   HANDBOOK    FOR 


ALLOYS  OF  METALS. 

Yellow  brass,  a  parts  copper,  i  zinc. 

Rolled  brass,  32  parts  copper,  10  zinc,  1*5  tin. 

Brass  casting,  common^  25  parts  copper,  3  zinc,  4-5  tin. 

Gun  metal,  8  parts  copper,  i  tin. 

Copper  flangfes  for  pipes,  o  parts  copper,  i  zinc,  0*26  tin. 

Bell  metal,  3  parts  c-pper,  i  tin. 

IRON  TO  RESIST  THE  ACTION  OF  FIRE. 
The  following'  mixture  of  iron  is  recommended   for  fire  bars, 
furnace  plates,  gas  retorts  (iron),  and  any  other  ironwork  required 
to  resist  the  action  of  fire  : — 

80  per  cent.  Ridsdale. 
20  per  cent.  Siemens  steel  scrap. 
This  is  said  to  make  a  kind  of  pyrostaticiron,  the  high  fusion  point 
being  due  to  the  small  percentage  of  carbon  present  in  ihe  mixture. 

TABLE 
Of  the  Vcl&cUy  ami  Force  0/  the  Whid. 


Milea  per  Hcmr. 


vu^  «-•  a«»n.i      PreMure  iu  lbs.  per 
Ftort  per  Second.  square  Foot.       I 


DescriptioD. 


-005 

■020) 

•(M4J 

•0791 

<123l 

•4S2l 

3-078] 

•l-429> 

«-027f 

7-87a{ 

0-906 f 

12-300 

17-718  ) 

24  163  f 

31-190) 

49-200  ( 


Hardly  p«re«pllbk. 
Jiut  perceptible. 

Gcntlo  brucce. 

riewAUt  brecie. 

BriHk  galo. 

Uigli  wiiiit. 

Very  higb  wiml. 
Storm  or  1eiiii)eal. 
Gre«t  storm. 

Hurricane. 


i 


The  pressure  or  force  of  the  wind  is  as  the  square  of  its  velocity. 

The  square  of  the  velocity  of  the  wind  in  feet  per  second 
by  '002288  =  pressure  in  lbs.  per  square  foot. 

The  wind  pressure  upon  a  cylindrical  surface  is  one-half,  and  on  ^ 
spherical  surface  one-fourth  that  which  is  exerted  on  a  flat  surface. 
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SPECIFIC  GRAVITY  AND  WEIGHT  OF  VARIOUS 
SUBSTANCES. 


Sped  lie 
Grmvity 

Weight 

Spcciitlc 
Gravity 

Wei(?ht 

Xiuae  ctf  SulAftHucv. 

aud 
Weight 

ialbs. 

Nanic  of  ^iibaton^e. 

ntid 
Weight 

CufTFt. 
jti  lbs 

per 
Ch.  Ft,  in 

Avoir- 
tlupohi. 

Uh,  n,  in 
Onncea. 

AToir- 

dtipolfl. 

Alifohol,  rare 

Anh  (tiuilier) 

790 

49-33 

Gold,  pure . 

19,360 

1,210 

75'i 

47 

.,      ntnudunl    . 

17,728 

1,108 

Asfuhnlt,  prep^reU 

249d 

156 

Granite       . 

2,  ess 

168 

Basalt  .... 

2,ft02 

ia7 

Gravel 

1,&40 

115 

Bntli  Httiiiti    . 

i;79a 

112 

Grrndstoiie , 

2,096 

131 

Bwgli    ,         .         .         . 

fi83 

43 

Gim  niEtal  , 

3,784 

549 

Bireli    .... 

704 

44 

Gvpsutn 

2,304 

144 

Bittunmi 

902 

62 

Ice       .          .          .          . 

908 

56-75 

Boxwood 

P60 

00 

Ijoa,  tttst    , 

7.1tfS 

448 

Brus,  cut    , 

8,240 

515 

„     wronirljt    , 

7.680 

480 

„      wirtj  . 

a,480 

630 

L^i .    : 

11,392 

712 

Briiik    .... 

2,OS0 

130 

,,    whit«, 

3,168 

198 

BricJcHorlc    , 

1,79-i 

112 

IJnif^toiK:,  Una   . 

2,406 

153 

Ceintnt,  Portland 

1,424 

m 

.,           iuagui..(itiiu 

2.848 

178 

,.        Ho&mti    . 

900 

60 

Lime,  quitk 

804 

54 

ch^ik  .... 

2,363 

US 

M&hogfuiy,  Houdarto 

640 

40 

Chw(;oRl,  oak 

396 

21 

„          Spouish     i 

720 

45 

CUy      .... 

1,920 

120 

Maple 

781 

49 

CUy  puildli' . 

Cori,  Mthriiiit*',  solid  . 

2,660 

160 

Marble       ,        .        . 

2,720 

170 

],2S0 

80 

Mori  .... 

1,728 

103 

,,     bitamiDDus  . 

1,200 

75 

Mftaonry 

•^240 

140 

„     yannelf  Scotch     . 

1,2^8 

78 

Mircnry 

13.584 

849 

11         ti      Wigati     ^ 

lj380 

30 

Mortar 

1.760 

110 

„          „       N'ca!it]e   . 

1,312 

82 

Mud    .... 

1,800 

100 

„     iftDiwl  in  utfuftl'l 

832 

52 

Kflphtha      . 

S48 

53 

w»y          .       / 

Qak,  H^gliHh      . 

800 

50 

Cok«     fnjm     coking  \ 

800 

BO 

„     Americau,  red    . 

6«4 

54 

ovtiiia     .       / 

Oil,  linsePd 

944 

50 

,,       from  iniui*worktf  i 

51ft 

32  "2 

„    plivo     . 

,,    wbalc  (train) 

912 

928 

57 
58 

„      frojii  gM-workHl 

4J3 

2S 

,t    «pi?rin  * 

880 

55 

nn^^laktfd      / 

,,    tflUow  . 

806 

56 

Concrete 

1,920 

120 

,,    cola*    . 

912 

57 

Copper^  cut 

S>e40 

540 

Paving        . 

2,560 

160 

f,        flhuct  anil  wirg 

8,800 

5&0 

PtAt    .          .          ,          , 

1,280 

80 

Cork     .... 

240 

15 

Pebbk  atone 

2,704 

169 

Earth,  loam  , 

1,600 

100 

Fetrokum  . 

880 

55 

EFKjny  .        *        .         . 

1,200 

75 

Fitch  ...        - 

1,152 

73 

Elm      .        .        . 

500 

35 

Plnliiium,  pure  . 

„        bamm«ri^J  , 

10,620 

1,2^ 

Fir,  fmI  piue  mid  4proce 

tm 

35 

20,480 

1,280 

,,    American 

4S4 

29 

„        wire  , 

20,80Q 

1,300 

„    lurvh      . 

B44 

34 

Pot-tland  atone    * 

2,096 

181 

Fiir«-rliiy,  iiatunJ 

2,400 

150 

Quartz 

2.640 

165 

1,    bamed  in  blocks 

2,oao 

130 

Sand,  clamp 

1,888 

118 

Flag,  Yorkshire    . 

2,288 

143 

„     dry  . 

1.440 

90 

Flint    .... 

2,324 

164 

Sanditone  . 

%52a 

158 

Fre&ttoiie 

2,240 

140 

Shall!  *        .        ,        , 

2,592 

162 

Gli4a,  or»wii 

2,49B 

150 

ehinBlB        , 

1^520 

95 

„      iint    .        .        . 

3.830 

180 

Silver,  puru 

10,480 

665 

2,992 

187 

Y,      ^tgJitiant  . 

10,528 

658 

NEWBiaorKG*3   HANDBOOK   FOR 


GRAVITY  AND  WEIGHT  OF  VARIOUS 
SlJBSTANCES—Con/inited. 


Sp.  Gt. 

WetgTit 

1 

Bp.  Or. 

Weigtt 

1  .- 

Aticl 

per 

1 

and 

IfcT 

liotBulHtuice. 

WdfiUt 
Cb.  Ft.  m 

ih  11)S. 

Name  of  Sulmtauis. 

We^iglit 

Cub,  Foot 

Avomiu- 

Cb.  rt  ia 

Avairdo' 

Onaccfl, 

POM. 

OuiLcea. 

poii 

2,880 

180 

Trap      , 

^,720 

170 

128 

B 

Water,  pure  . 

1,000 

S2-5 

7,840 

490 

,,        MCO       . 

1,024-8 

ftl-05 

t . 

2,000 

125 

WTiiUittgut     * 

2,7sa 

1T3 

TW 

593 

ar 

WOIdw.        ,        . 

448 

3H 

1,040 

e5 

Yew       ,        .         . 

600 

90 

1,792 

112 

YdtkejliirQ  Aug 

2,2SB 

14a 

A 

7,360 

400 

Zinc       . 

7,(M0 

440 

Mtui  of  tt 

in  whole  vu 

Ill    .        .        ,        . 

6,8W 

3U 

MISCELLANEOUS  ARTICLES. 


Bale  of  flax  (Russia) 
Barrel  bulk 
Barrel  of  tar 
Battens 
Bushel  of  coal 
Bushel  of  coke 
Cable's  length 
Cask  of  black  lead 
Chaldron  of  coal 
,,  coke 

Cord  of  wood 
Deals 
Dozen 

Faggot  of  steel 
Fodder  of  lead 
Gross 

Hundred  of  deals 
,.  nails 


5  to  6  cwt. 

5  cub.  ft. 
26^  gats. 
Boards  7  in.  wide. 
80  lbs. 

45    >» 
240  yds. 
II J  cwt. 

25!     M 

12  J  to  15  cwt. 
128  cub.  ft. 

Boards  9  in.  wide. 

12  articles. 
120  lbs. 

igi  cwt. 

12  doz. 
1 20  in  number. 
120 


■ 

^B 

■■ 

^^^^1 

^^^^             UAS   ENGINEERS  A^ 
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Keel  of  coals 

21  tons  4  cwt.                    H 

^^m    Load  of  bricks 

.  500  bricks.                     ^^^t 

^H                  inch  boards    . 

.  600  sq.                             ^^^1 

^H                 2-inch  planks 

^^H 

^P                 lime 

.     32  bushels.                    ^^H 

r            ,,          new  hay 

19  cwt.  33  lbs.             ^^H 

^v                 old  hay 

^M 

^H 

.    XI    M   64  „          ^^M 

^V      ,»          sand 

.     36  bushels.                   ^^H 

^»        ,,          squared  timber 

.     50  cub.  ft.                    ^^H 

,,          unhewn     ,, 

^H 

,,          tiles 

1000  tiles.                       ^^^1 

Mat  of  flax  (Dutch)     . 

^H 

Pig  of  ballast      . 

•         56       M                                                                ■ 

Planks        .... 

Boards  12  in.  wide.           H 

Quire  of  paper    . 

24  sheets.                             H 

Ream  of  paper    . 

20  quires  (480  sheets).        ■ 

Roll  of  parchment 

60  skins.                        ^^^B 

Sack  of  coals 

224                                    ^^^1 

Score         .         ,          .         . 

.      20  articles.                     ^^H 

Sheet  of  paper  folded  into — 

^H 

2  leaves  is  termed 

folio                                 ^^^1 

^          4       . 

.     4to,  or  quarto.              ^^H 

■ 

8vo,  or  octavo.             ^^H 

^V 

i2mo»  or  duodecimo.        ^M 

B 

i6mo                             ^^^1 

■       .8      .. 

i8mo                             ^^^1 

■        ^4       .. 

24mo                             ^^^1 

^        48       .. 

48mo                             ^^^H 

Square  of  planking    . 

100  superficial  ft.           ^^^| 

Thousand  of  nails 

1200  nails.                          ^^^1 

Ton  shipping     .         .         .         . 

.     40  cub.                            ^^^1 

Truss  of  old  hay 

^H 

„           new  hay 

^H 

1             jt 

straw .         .         .         . 

i 

^M 

^^^K 

r  " 

^m 

^M 

r 

^^H 

^^^H 

NEWBlOaiNG^S   HANDBOOK    FOR 

^■specific  gravity  and  weight  of 

SUBSTANCES-C>w/«//r</, 

^H     Niime  of  Subtitazict!. 

H\>.  (Jr. 

Weiglil 

Weight 

ptr 

Cnb.  Foot 

in  lb«. 

f 

'  NaniH  of  Sulwtance. 

Cb.  FU  in 
Ounce*. 

2,880 
128 

7,840 

2,000 

593 

1,040 

i,7snj 

7,360 
Mean  of  ih 

Avoirdi 

pOlM. 

CI 

V        Slate 

H        Suow 

m         Sulphur  . 
■          Sycaaioru 
1           Tar . 
1            Tile 
f           Tiu .        . 

180 

8 

490 

125 

37 

ii5 

112 

iGO 

i;  whole 

Trap 

Water,  pure  . 

,,      M^ii     .         .       1 
WliiruiUnie     . 
Willow  . 
Yew 

Yorlullin!  tlug 
Ziuc       . 

th    .         .         .         .  1 
1 

h 

MISCELLANEOUS  ARTICLE^ 

Bale  of  flax  (Russia) .                           •       5  to  J 

^^m 

Barrel  bulk 

5  cufl 

■ 

Barrel  of  lar 

20\   ^ 

■ 

Battens 

Boa9 

■ 

Bushel  of  coal    . 

8a  H 

■ 

Bushel  of  coke    . 

45  ^1 

■ 

Cable's  leng'th     . 

240  ^H 

■ 

Cask  of  black  lead 

tt^H 

r 

Chaldron  of  coal 

3^^H 

It 
Cord  of  wcH            ^ 

■M 

Deals                      ^ 

Dozen                    ^k 

^  ^M 

Faggot  ol             ^^ 

Fodder                                                      ,^^^^H 

Gross                                                          ^^^^^M 

Hundred                                                         ^^^^H 

^^^H 
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OFFICE  MEMORANDA. 
Books  Required  in  the  Keeping  of  a   Gas  Company's  Accounts. 

1.  Ledger  (general). 

2.  Cash  Book  (general). 

3.  Gas    Register,    or    Ledger,   sometimes   called    **  The  Con- 

sumers* Ledger." 

4.  Mill  Register,  or  Ledger. 

This  book  Is  devoted  to  the  accounts  of  all  the  largest 
consumers,  such  as  millowners  and  the  proprietors 
of  other  large  establishments  of  any  kind  where  the 
consumption  of  gas  is  heavy.  They  are  handier  classed 
together  by  themselves  than  mixed  up  with  smaller 
consumers, 

5.  Removals  Book, 

In  this  book  is  kept  an  account  of  all  changes  of  residence 
ihat  have  taken  place  amongst  consumers  during  each 
quarter,  the  substitution  of  meters,  and  the  consump- 
tion of  gas  by  temporary  consumers,  &c.  It  is  a 
most  useful  record,  and  prevents  confusion  by  inter- 
lineations in  the  regular  register. 

6.  Quarterly  Summary. 

The  several  pages  in  the  three  foregoing  books  are  added 
up  and  then  brought  together  here,  quarterly,  in  order 
to  ascertain  the  total  consumption,  amount  due,  &c. 
By  means  of  this  book  it  is  easy  to  compare  the  totals 
of  the  ditferent  quarters  during  a  number  of  years. 

7.  Journal. 

Containing  entries  of  all  goods  sold  from  the  works,  with 
the  exception  of  gas.  Separate  columns  should  be 
arranged  for  '*  Fittings,  &c.,"  *' Residual  Products,'* 
'*  Miscellaneous,"  and  *' Total."  At  the  end  of  each 
quarter  the  separate  amounts  of  all  accounts  remaining 
unpaid  are  transferred  to  the 

8.  Arrears  Fittings,  &c..  Book, 

Which  is  entered  up  at  the  end  of  every  quarter,  and 
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shows  the  amount  remaining  due  (arrears  included)  for 
Fittings,  Residual  Products,  and  Miscellaneous. 

9.  Daily  Receipt  (Cash)  Book. 

In  which  is  entered  the  amount  of  each  separate  payment 
made  to  the  company  on  account  of  **Gas/*  *' Meter 
Rents,"  **  Fittings,  &c.,"  **  Residual  Products,"  and 
other  miscellaneous  items. 

10.  Stock-Taking  Books. 

For  taking  the  quarterly  stock  of  gas  consumed  through 
each  meter.  Two  or  more  are  always  required,  ac- 
cording to  the  number  of  consumers.  The  one  used 
(we  will  suppose)  on  Monday  is  left  at  the  office  that 
night  to  be  entered  up  into  the  Register  by  the  clerk 
on  the  day  following  ;  and  so  on  alternately, 

11.  Black  Book. 

In  which  a  record  of  all  bad  debts  is  kept. 

12.  Collector's  Book. 

In  some  cases  checks  only  are  used  with  counterfoil. 

13.  Receiving  Book. 

In  which  all  delivery  notes  for  goods  received  by  the 
company  are  copied  daily.  The  regular  invoice,  when 
received,  is  checked  by  this  book. 

14.  Wages  and  Time  Book. 

Containing,  in  separate  columns,  a  daily  account  of  the 
number  of  hours  worked  by  each  man,  the  kind  of  work, 
and  the  place  where  employed,  with  the  amount  due  as 
wages  at  the  end  of  each  week. 

15.  Stores  Book,  A. 

16.  Stores  Book,  B. 

In  the  one  is  kept  a  record  of  goods  a?^^  out  of  stock, 
and  in  the  other  of  goods  used  out  of  stock  for  repairs 
and  extension  of  plant.  The  one  may  be  said  to  relate 
to  revenucy  the  other  chiefly  to  capital, 

17.  Stores  Ledger. 

Into  which  the  entries  in  the  previous  two  books  are 
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posted  to  the  credit  of  the  several  accounts  (such 
as  "Meters,"  "Lead  Pipe,"  **Wrought-Iron  Fittings," 
&c.),  and  the  items  from  the  several  invoices  arc 
posted  to  the  debit  of  the  several  accounts.  At  the 
end  of  each  ha!f  year  the  balance  of  each  account 
represents  the  stock  on  hand.  This  latter  is  proved 
to  be  correct  or  otherwise  by  the  actual  stock-taking. 

18.  Carbonizing"  Book — Daily  and  Weekly  Statements. 

Containing  a   record  of  the  state  of  the  station  meter 
taken  twice  in  the  twenty-four  hours  (in  large  works 
the  state  of  the  meter  is  recorded  ever}'  hour) ;  the 
quantity  of  coal  and  cannel  used  daily,  the  production 
of  gas  per  ton,   and  the  total  daily  production  ;  the 
number  of  benches  at  work,  stokers,  &c.     Each  page 
serves  for  a  week,  and  is  then  added  up  ;  an  additional 
line  is  left  at  the  foot  of  the  page,  on  which  is  entered, 
for  comparison,  the  particulars  of  the  total  of  the  cor- 
responding week  of  the  previous  year. 

19.  Public  Lamp  Register. 

Gives  particulars  of  the  number  of  lamps  lighted  each 
night;  the  hours  of  lighting  and  extinguishing;  the 
hours  burning  per  lamp,  the  total  hours  burning ;  a 
column  into  which  the  number  of  hours,  weekly,  can 
be  added,  and  another  for  remarks. 

20.  Test  Register. 

For  noting  the  results  of  the  different  tests  of  the  illumin- 
ating power  and  purity  of  the  gas. 

2!.  Shareholders'  Register  and  Address  Book. 

22.  Seal  Register  and  Dividend  List. 

23.  Register  of  Calls^ 

24.  Register  of  Transfers. 

V  Transfer  Certificate  Book, 
g    ^     Containing  certificates  of  the  registration  of  shares,  to  be 
torn  out,  leaving  counterfoil  behind. 
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26.  Invoice  Book. 
With  blank  leaves*  into  which  are  gummed  all  invoices 

for  goods  received. 

27.  Minute  Book. 
A  lettered  index  at  the  beginning  of  this  book  is  handy. 

A  few  other  account-books  of  a  less  important  character  may 
be  useful,  but  the  above  are  indispensable* 


Discount  for  Early  Payment  of  Gas  Bills, 

The  custom  of  allowing  discount   to  consumers  on    gas  bills 

paid  either  during  the  lirst  month  after  the  expiration  of  a  quarter 

or  within  a  period  of  twenty-one  or    thirty  days    from  the   date 

of  the    delivery   of  the   account,    is    very   general    amongst   gas 

companies. 

I        /     Se  most  common  allowance  is  at  the  rate  of  10  per  cent,  on 

1     J  ount  due  for  gas  consumed  (excluding  the  meter  rent),  but 

1/  mium   varies   throughout   the    country   from   5    to  20  per 

W  me  companies  adopting  a  graduated  scale  of  discounts 

^  to  the  quarterly  consumption. 

ictice  has  been  found  highly  beneficial,  saving  labour 
',  and  reducing  the  percentage  of  bad  debts. 


FORMS. 
*"  Proposed  New  Issue  on  the  Transfer  of  Old  Shares, 
ipson,  of  Tipping  Street,   Newcastle,  hereby  re- 


^<c 


\)  any  of  the  new  Shares  about  to  be  issued  by 
^ompany,  in  favour  of  William  Jones,  of  Broad 
..cnester. 

(Signed)        John  Thompson. 


To  the  Secretary 
of  the 


Gas  Company. 


Jan.  I, 


Renunciation  of  Shares  Newly  Allotted, 

I,  John  Wilson,   of  Birmingham,    being   the    holder   \or  pro- 
prietor]  of Shares   in   the Gas   Company,    do   hereby 

renounce  the  same  to  and  in  favour  of  William  Jackson,  of  Bristol. 
3a 
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►ividend,  as  the  case  may  be)  on  Shares  (or  Stock)  to  December 
ist,  19 — ,  1  deducted  for  Income-Tax  the  sum  of  18s.  9d. 

Pro  the  A B Gas  Company, 


William  Jones, 

Secretary. 

Form  of  Proxy, 

A.  B.,  one  of  the  proprietors  of  **The  ^=^—  Company,'*  doth 

hereby  appoint  C.  D.,  of ,  to  be  the  proxy  of  the  said  A.  B., 

in  his  absence  to  vote  in  his  name  upon  any  matter  relating  to  the 
undertaking  proposed  at    the  meeting  of  the  proprietors  of  the 

said  Company,  to  be  held  on  the day  of next,  in 

such  manner  as  he  the  said  C.  D.  doth  think  proper.      In  witness 
whereof  the  said  A.  B,  liath  hereunto  set  l»is  hand  [or,  if  a  corpora- 

{iouy  say,  the  common  seal  of  the  corporation),  the  ^^ day  of 

,  One  thousand  nine  hundred  and . 


^ 

TERMS  FOR  LEASES, 

ETC.                                    ■ 

^^F               Eugiand 
^P      Lady  Day 
f           Midsummer 
^^      Michaelmas 
^B      Christmas    . 

Ufui  Jrclaiui.                                 Scoiland,                                   S 

March  25th.     Candlemas  .              Feb.  and.                 I 

.     June  24th.      ;  Wliitsuriday          .      May  15th.                   1 

Sept.  29th.       Lammas       ,         .     August  isl.              1 

Dec.  25th.        Martinmas   .               Nov.  uth.                J 

^1        When  a  Scott 

ish  term  falls  on  Sunday,  the 
considered  term  day. 

Monday  following  is              fl 

^^^_ 

LAW  TERMS. 

1 

^^^^^P 

EtigiuTui  iifui  Ireland. 

^V     Hilary  or  Lent 
^B      Easter 
^P     Trinity     . 
f            Michaelmas 

Begins,  Jan.  nth  . 
,,        April  15th 
M         May  2zn6. 
,,        Nov.  and  . 

Scotia  tut. 

• 

Ends,  Jan.  31st.         ^H 
May  8th.          ^H 
June  12th.      ^^H 
Nov.  25th.     ^^^ 

Candlemas 
Whitsunday 
Lammas  . 
^^^^Martin  mas 

.     Begins,  Jan.  15th  . 

,,        May  1 2th  . 

June  17th  . 

,,        Nov.  34th. 

• 

Ends,  Feb.  3rd.     ^^H 
June  2nd.     ^^^H 

July  5th.     ^^H. 
Dec.  20th.^^^H' 

PiH2^H 

^^B 
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SIZES  OF  DRAWING  PAPER.                           ■ 

Fl.  In.      Ft.  In. 

Ft.  In.     Ft.  In.        H 

Antiquarian .         .44x27 

Double  Crown      .3     6x1     8       ^^ 

extra  48x34 

Imperial        .          .   2     6  x   i    10 

Double  Elephant  .3     4x2     3 

Supt^r  Royal          .2     3x1     7 

Atlas    .                   .   2   10    X  2     2 

Royal    .                  .20x17             1 

Columbia                .   2   to    x   i    11 

Medium                   .    i    10  x   i      c        ^| 

Elephant                ■   2     3J  x   i    10}  Demy   .                  .18x13       ^M 

TABLE  OF  COLOURS.                                   ■ 

Used  in  Mecfutmcal  and  Architectural  Drawing.                    ^H 

Work.                                                                 Colour.                                ^^^^^^k 

Brickwork  in  plan  or  section   .     Carmine  or  crimson  lake.              ^^^^H 

Brickwork  in  elevation                    Venetian     red    or    crimson    lake^^^^ 

mixed  with  burnt  sienna. 

Brickwork  to  be   removed  by 

alterations   ....      Burnt  umber. 

Concrete  works        .         .          .     Sepia  with  darker  markings. 

Clay         .....      Burnt  umber. 

Earth Burnt  umber. 

Flintwork         ....      Prussian  blue. 

Granite Purple  madder  or  pale  Indian  ink.        ^J 

Stone  generally                ,              Yellow  ochre  or  pale  sepia.                   ^| 

Slate Indigo  and  lake  or  Prussian  blue.        ^^ 

English  timber  (oak  excepted)     Raw  sienna.                                             ^^ 

Oak Burnt  sienna  or  Vandyke  brown.        ^| 

Fir  and  other  light  timber             Indian  yellow  or  raw  sienna.                ^| 

Mahogany        ....      Indian  red.                                          ^^^B 

Cast-iron          ....     Payne's  grey  or  neutral  tint.         ^^^H 

Wrought-iron                                    Prussian  blue.                                    ^^^^| 

Steel,  brig:ht    ....      Indigo  with  a  little  lake.                 ^^^| 

Brass       .          ,         .         ,          ,     Gamboge  or  Roman  ochre.             ^^^H 

Gun  metal        ....     Dark  cadiTiium.                                       ^^ 

Lead Pale    Indian     ink,    tinged     with 

indigo. 

Meadow  land  ....     Hooker's  green.                                           J 

Sky  effects       ....     Cobalt  blue.                                    ^^^1 

The  presence  of  any  slight  greasiness,  preventing  the  laying  on^^^H 

of  the  colours  evenly,  may  be  counteracted  in  its  efl'ects  by  dis-        ^^ 

solving   a   little   prepared  ox-gall    in  the    water  with   which    the        H 

Dividend^  as  the  case  may  be)  on  Shares  {<tK  Stock)  to  December 
31st,  19—,  I  deducled  for  Income-Tax  the  sum  of  iSs.  gd. 

Pro  the  A B Gas  Company, 

William  Jones, 

Secretary. 
Fonn  of  Proxy. 

A.  B.,  one  of  the  proprietors  of  "  The Company,"  dolh 

hereby  appoint  C.  D.,  of » to  be  the  proxy  of  the  said  A.  B., 

in  his  absi^nce  to  vole  in  his  name  upon  any  matter  relating  to  the 
undertaking"  proposed  at   the  meeting  of  the  proprietors  of  the 

said  Company,  to  be  held  on  the day  of next,  in 

such  manner  as  he  the  said  C.  D.  doth  think  proper.  In  witness 
whereof  the  said  A.  B.  hath  hereunto  set  his  hand  [o/-,  i/a  corpora' 
lion,  say,  the  common  seal  of  the  corporation],  the  day  of 

One  thousand  nine  hundred  and . 
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England  ami  Irclami. 
Lady  Day    .         .     March  25th, 
Midsummer  .     June  24th, 

Michaelmas  .     Sept.  29th. 

Christmas    .  .      Dec.  25th. 


Scotlattd, 

Candlemas  . 
Whitsunday 
Lammas 
Martinmas    . 


Feb.  2nd. 
May  15th. 
August  ist. 
Nov.  nth. 


I 


When  a  Scottish  term  falls  on  Sunday,  the  Monday  following  is 
considered  term  day. 


Hilary  or  Lent 
Easter 
Trinity     . 
Michaelmas 


Candlemas 

Whitsunday 
Lammas  . 
Martinmas 


LAW  TERMS. 

England  and  Ireland. 

Begins,  Jan.  i  ith  . 
,,  April  15th 
,,  May  22nd. 
,,         Nov.  2nd  . 

Scotland. 

Begins,  Jan.  I5lh  . 
,,  May  i2t])  . 
,,  June  17th  . 
>,        Nov.  24th. 


Ends,  Jan.  31! 
,,      May  8th. 
,1      June  i2tb. 
,,      Nov.  2Sth. 


Ends.  Feb.  3rd. 
,,  June  2nd. 
»'  July  5^h. 
I,      Dec.  30th. 
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SIZES  OF  DRAWING  PAPER. 

Ft.  In.     Kt.  In. 

Ft. 

In.    Ft.  In. 

Antiquarian .         .44x27 

-Double  Crown 

3 

6x18 

„            extra  48x34 

Imperial 

3 

6  X  I   10 

Double  Elephant  .3    4x2    3 

Super  Royal 

2 

3x17 

Atlas    .                   .  2  10   X  2     2 

Royal   . 

2 

0  X   I     7 

Columbia              .  2  10   x  i   11 

Medium 

I 

10  X  I     5 

Elephant               .2    3fx  i   loj 

Demy  . 

I 

8x13 

TABLE  OF 

COLOURS. 

Used  in  Mechanical  and  Architectural  Drawing. 


Work. 
Brickwork  in  plan  or  section 
Brickwork  in  elevation    . 


Colour. 
Carmine  or  crimson  lake. 
Venetian    red    or    crimson 
mixed  with  burnt  sienna. 


lake 


Brickwork  to  \ye   removed  by 
alterations   .         .         .         . 
Concrete  works 
Clay 
Earth 
Flint  work 
Granite   . 
Stone  general 
Slate 
English  timber  (oak  excepted) 


Burnt  umber. 

Sepia  with  darker  markings. 

Burnt  umber. 

Burnt  umber. 

Prussian  blue. 

Purple  madder  or  pale  Indian  ink. 

Yellow  ochre  or  pale  sepia. 

Indigo  and  lake  or  Prussian  blue. 

Raw  sienna. 

Oak Burnt  sienna  or  Vandyke  brown. 

Fir  and  other  light  timber       .     Indian  yellow  or  raw  sienna. 

Mahogany       ....     Indian  red. 

Cast-iron         ....     Payne's  grey  or  neutral  tint. 

Wrought-iron  .         .         .     Prussian  blue. 

Steel,  bright    ....     Indigo  with  a  little  lake. 

Brass Gamboge  or  Roman  ochre. 

Gun  metal       ....     Dark  cadmium. 

Lead Pale    Indian    ink,   tinged    with 

indigo. 
Meadow  land  ....     Hooker's  green. 
Sky  effects       ....     Cobalt  blue. 

The  presence  of  any  slight  greasiness,  preventing  the  laying  on 
of  the  colours  evenly,  may  be  counteracted  in  its  effects  by  dis- 
solving a  little  prepared  ox-gall  in  the   water  with  which  the 
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colours  are  mixed.     The  brush  should  always  be  used  in  mixing 
colours,  the  latter  being"  rubbed  in  separate  divisions  of  the  slab. 


I 


EPITOME  OF  MENSURATION. 
Of  the  Circle^   Cylinder^  and  Sphere, 

The  areas  of  circles  are  to  each  other  as  the  squares  of  their 
diameters. 

The   diameter  of  a  circle   being"   i,   its   circumference  equals 

The  diameter  of  a  circle  multiplied  by  3*1416  equals  its  circum- 
ference. 

The  diameter  of  a  circle  Is  equal  to  '31831  of  its  circumference. 
The  square  of  the  diameter  of  a  circle  being  i,  its  area  equals 

7854. 

The  diameter  of  a  circle  squared  and  multiplied  by  '7854  equals 
its  area. 

The    internal    circumference   of  a   cylinder   multiplied    by  its 
Icng-lh  or  heig-ht  equals  its  concave  surface. 

The    area  of  the    end  of  a  cylinder   multiplied   by  its  length 
equals  its  solid  contents. 

The  area  of  the  internal  diameter  of  a  cylinder  multiplied  by  its 
depth  equals  its  cubical  capacity. 

The  square  of  the  diameter  of  a  sphere  multtph'ed  by  3'i4i6 
equals  its  convex  surface. 

The  cube  of  the  diameter  of  a  sphere  multiplied  by  "5236  equals 
its  solid  contents. 

The  capacity  of  a  cylinder  i  ft.  in  diameter  and  1  ft.  in  length 
equals  4*895  imperial  gallons. 

The  capacity  of  a  cylinder  1  in.  in  diameter  and  i  ft.  in  length 
equals  -034  of  an  imperial  gallon. 

The  capacity  of  a  cylinder  t  in.  in  diameter  and  \  in.  in  length 
equals  '002832  of  an  imperial  gallon.      Hence — 

The  capacity  of  any  other  cylinder  in  imperial  gallons  is  ol> 
tained  by  multiplying  the  square  of  its  diameter  by  its  length,  and 
by  the  number  of  imperial  gallons  contained  in  the  unity  of  its 
measurement. 

The  capacity  of  a  sphere  1  ft.  in  diameter  equals  3*263  imperial  j 
gallons. 
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The  capacity  of  a  sphere  i  in.  in  diameter  equals  '001888  of  an 
imperial  gallon.     Hence — 

The  capacity  of  any  other  sphere  in  imperial  gallons  is  ob- 
tained by  multiplying  the  cube  of  its  diameter  by  the  number  of 
imperial  gallons  contained  in  the  unity  of  its  measurement. 

Of  the  Square^  Rectangle^  and  Cube, 

The  side  of  a  square  equals  thti  square  root  of  its  area. 

The  area  of  a  square  equals  the  square  of  oiie  of  its  sides. 

The  diagonal  of  a  square  equals  the  square  root  of  twice  the 
square  of  its  side. 

The  side  of  a  square  is  equal  to  the  square  root  of  half  the 
sqiuirc  of  its  diagonal. 

The  side  of  a  square  equal  to  the  diagonal  of  a  given  square 
contains  double  the  area  of  the  given  square. 

The  area  of  a  rectangle  equals  its  length  multiplied  by  its 
breadth. 

The  length  of  a  rectangle  equals  the  area  divided  by  the 
breadth,  or  the  breadth  equals  the  area  divided  by  the  length. 

The  side  or  end  of  a  rectangle  equals  the  square  root  of  the 
sum  of  the  diagonal  and  opposite  side  to  that  required,  multiplied 
by  their  difference. 

The  diagonal  in  a  rectangle  equals  the  square  root  of  the  sum 
of  the  square  of  the  base  and  perpendicular. 

The  solidity  of  a  cube  equals  the  area  of  one  of  its  sides  multi- 
plied by  the  length  or  breadth  of  one  of  its  sides. 

The  length  or  breadth  of  a  side  of  a  cube  equals  the  cube  root 
of  its  solidity. 

The  capacity  of  a  12-in,  cube  equals  6*233  imperial  gallons. 

Of  Triangles  and  Polygons, 

The  sum  of  the  squares  of  the  two  given  sides  of  a  right- 
angled  triangle  is  equal   to  the  square  of  the  hypotenuse. 

The  difference  between  the  squares  of  the  hypotenuse  and 
given  side  of  a  right-angled  triangle  is  equal  to  the  square  of 
the  required  side. 

The  area  of  a  triangle  equals  half  the  product  of  the  base 
multiplied  by  the  pcrpendicxilar  hoight. 

The  side  of  any  regular  polygon  multiplied  by  its  apothegm, 
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or  perpendicular,  and  by  the  number  of  its  sides,  equals  twice  the 

area. 

Of  Ellipses^  Cones,  arid  Fmsitiftis, 

The   square   root  of  half  the  sum  of  the  squares  of  the  two 

diameters  of  an  ellipse,   multiplied  by  3'i4i6,  equals  its  circum- 

forcnce. 

The  product  of  the  two  axes  of  an  ellipse,  multiplied  by  7854, 

equals  its  area. 

The  solidity  of  a  cone  equals  one-third  of  the  product  of  its 

base  multiplied  by  its  altitude  or  height. 

The  squares  of  the  diameters  of  (he  two  en<ls  of  the  fmstum  nf 

a  cone  added  to  the  product  of  the  two  diameters,  and  that  sum 

multiplied  by  its  height  and  by  '2618,  equal  its  solidity. 

Table  of  Common  Fractional  Paris  aftd  Equivalent  Decimals* 

> 

Common 

D«cimAti. 

CommoD 

Fractionul 

DedmftlB, 

Commoa 
FractlozMl 

Dvclnub. 

furU. 

P&rtB. 

fftru. 

^^^m                  l-lOOth 

■01 

9-14th9 

■6428 

7-10tb« 

•7 

^^B           i-wtb 

■0111 

11-Uthi 

■7867 

9-iOtbs 

•9 

^^V                 l-80lh 

'0125 

13-1 4tbB 

'9285 

l-9tb 

•nu 

V                         l-70th 

•0M3 

l-13th 

'077 

2-9tha 

-22a 

■                           l-60th 

■0100 

2-13tb« 

•153a 

4-9tba 

•4444 

^                           l-SOth 

■oa 

S-13U1B 

•2307 

6-9cbB 

•5668 

l-40th 

*025 

4-iabhB 

•8076 

7-9tbB 

•7777 

l^th 

-o:i33 

G-lBcha 

■3846 

8-9thB 

-BBSB 

I'SOtfa 

0& 

e-lStbi 

•4615 

l-8th 

126 

l.Wth 

■0626 

7'13LbB 

-6384 

8^tha 

•876 

l-lBth 

■C5C.S 

a-iatbB 

-6153 

&-8tbB 

-69B 

l-17th 

■OftBa 

9-lStha 

•mn 

7.8thB 

■876 

1-Wth 

■06*26 

lO-iatbi 

•7692 

1.7th 

•143 

816tli« 

■1876 

ii-iathB 

•8461 

2-7thii 

■2867 

e-16thi 

■aias 

12-13tb8 

■923 

3-7tb8 

•4386 

7-16Uii 

■4376 

l-l?lh 

■0rtR3 

4-7ltu 

■5714 

9-1Gtba 

■5625 

5.l2thB 

-41B6 

6.7tlia 

•7143 

ll'ietbi 

aB75 

7-12thB 

-fiSfta 

6.7tba 

•8671 

18'lfiibB 

•BI26 

ll-12ibB 

■9166 

16lh 

•1666 

lfi-16thB 

■&375 

1-lUb 

•0U09 

5-6tbB 

•888 

1.16th 

'0066 

2'lUhB 

-1818 

l-&th 

•9 

2-15thi 

•1933 

3-lUhB 

■2727 

S^tha 

•4 

4-15thB 

•3866 

4-nih8 

•Mtftft 

8-6lba 

•8 

7.1fithi 

•46G6 

6-llthB 

•4546 

4-fitbfl 

•8 

8.16th8 

'6333 

6-ntha 

■M64 

l-4th 

•26 

ll-l&thi 

•7333 

7-1  UhB 

■6368 

a-4thB 

76 

ISlAthft 

•8666 

8-llthi 

■7272 

l-3rd 

3SS3 

J4-16thB 

-0388 

9-UthB 

-8181 

S-3rd8 

6666 

IHth 

•0714 

10-1  UbB 

•909 

l-b&lf 

•6 

3-HLhft 

■2H3 

1         MOth 

•1 

1                         1 

4-Utba 

■2867 

3-lOcfaB 

'3 
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ARITHMETICAL  AND  ALGEBRAICAL  SIGNS. 

=  The  sign  of  Equality,  and  signifies  equal  to ^  as  2  addt'd  to  3  =  5, 


+ 

»i 

Addition 

ft 

/>itts  or  fnorct  as 

4  +  6=*  10. 

~ 

ti 

Subtraction 

Iff 

ruittns  or  less^  as 

6-4  =  2. 

X 

II 

Multiplication 

It 

multiplied  Ay,  as 

5>^3=i5- 

+ 

II 

Division 

or«  =  .. 
4 

1* 

divided  by  y  as 

8-7-4  =  2. 

:  : :   : 

II 

Proportion,  :  s 

gnifies  is  to^  or  tOy   :  :  signifies  so  is. 

Thus,  2:3: 

4:6 

signifies  that  as  2  is 

to  3  so  is 

4  to  6. 

Evoluiiofu  or  the  Extraction  of  Roots, 
^Thc  sign  of  the  Square  Root  (termed  the  Radical    sign),   as 

^  16  =  4,  i.e*  the  square  root  of  16  is  equal  to  4. 
\]  ,,  Cube  Root,  as    ^  64  =  4,  i.e.   the  cube   root 

of  64  is  equal  to  4. 
V  ,,  Bi-quadrate,  or  Fourth  Root,   \J  16=2. 

Involution^  or  the  Raising-  of  Powers. 

4'  signifies  to  be  squared,  as  4'--  16.  The  small  figure  is  termed 
the  Index  or  Exponent. 

4"         ,,  to  be  cubed,  as  4^  =  64. 

-^— A  vinculum  placed  over  two  or  more  figures,  thus  3  +  5,  signi- 
fies   that    they  are    to    be    taken  as   one  quantity. 

Thus : 

3  +  5x4-32,  signifies  that  3  plus  5  multipfied  by  4  =  32,  and 

^/5*  — 3^  =  4,  signifies  that  5  squared,  minus  3  squared,  and  the 
square  root  of  the  remainder  =  4,  and 

=  2,  signifies  that  20  multiplied  by   12,  divided  by  30, 
and  the  cube  root  of  the  quotient  =  2,  and 


V 


20X  12 
30 


34x6+1^x3x4^^    signifies    that  24  multiplied  by  6,  and    12 

*^  multiplied  by  3,  added  together,  multiplied  by 

4  and  divided  by  12,  the  quotient -60. 

[|  ()  Brackets  ;  e.^.  1 2  -  [3  +  {4  x  2)|  =  1 ,  signify  that  the  product  of 

4,  multiplied   by   2,  added  to  3,  and   the  total  subtracted 
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^^ft^   TABLE 

OF    DIAWi^TERS,    CIRCUMFERENCES,       | 

^^^^^^ 

AND 

AREAS 

OF    CIRCLES.   AND    SIDES 

^^ 

OF 

EQUAL    SQUARES. 

^M 

Olromn- 
(oienoe. 

Area. 

Side  or 

Equal 

Bqiiari*. 

Diam. 

Circum- 
lerenco. 

Area. 

Hldeol 

^L__ 

•7SG4 

■0490 

-3215 

13J 

43-197 

148-489 

i-i-m 

^^K 

1-5708 

■1963 

■4431 

14 

43  '182 

153-938 

12  40C 

^^B 

2-8662 

•4417 

-6646 

14i 

44  767 

159-486 

i2-«2a 

^^m 

S-lilti 

■7864 

•8863 

144 

45 '553 

165-130 

13-b60 

^^m 

3- 9270 

1-2271 

1-1077 

14J 

46-338 

170 -HTS 

13-(I71 

^^m 

4-7121 

1-7671 

l-82fl3 

16 

47-124 

176-716 

18-298 

^^m 

C-4973 

2-4062 

1-5608 

15J 

47-909 

182-B54 

18-614 

^H 

6-2832 

a-1416 

1-7721 

m 

1M-6i*4 

168-633 

13-7811 

^^H 

7-U6BG 

3- 9760 

i-ynaa 

16i 

4'r4HU 

iU4-a28 

18'957 

^^1 

7-B540 

4-9087 

2-2155 

16 

50-366 

201-062 

14  174 

^^m 

8-6394 

6-9395 

2-4370 

IH 

51-061 

207  394 

14-400 

^^m 

9-4248 

7-0686 

2-6586 

164 

51-836 

313  826 

14-Glft 

^^m 

10-210 

8-2957 

2-8801 

163 

62-621 

230*868 

H-Stt 

^^m 

10-995 

11-6211 

3-1017 

17 

53-407 

326-980 

16-066 

^^m 

U-781 

11-044 

3-3232 

17i 

54-192 

233-706 

16'9S8 

^^M 

ia-66G 

12  566 

3-6'148 

174 

64  978 

240-528 

16-606 

^^^ 

ia*861 

14-186 

8-7663 

17i 

56'763 

247-460 

15'7»0 

H 

14- 137 

15-904 

3-9680 

18 

56-648 

364-469 

16-961 

H 

14-922 

17-720 

4-2095 

I8i 

57-334 

361-687 

16- m 

~                    6 

16-708 

19-635 

4-4310 

184 

68-119 

266-808 

M-Sftl 

6i 

16-49» 

21-647 

4-6526 

I8i 

68-905 

276  117 

16  616 

6i 

17-278 

23-768 

4-8741 

19 

69-690 

283-639 

16-887 

61 

18  064 

25-967 

5  0950 

IH 

60-476 

301' 089 

17-060 

6 

ie-849 

28-274 

6-3172 

m 

61-261 

298-648 

17380 

Ci 

19 -635 

30-679 

5-5888 

m 

62-046 

306-366 

17-503 

tii 

20-420 

33  183 

5-7603 

20 

62-832 

314-160 

17-724 

6S 

21-205 

35-784 

G-!t8I9 

20i 

tJ3-ni7 

322-063 

17-945 

7 

fll-991 

38-484 

6-2034 

m 

64-402 

3SO-064 

16-167 

7i 

22-776 

41-282 

6'43oO 

m 

66-188 

8:^8-163 

18-386 

74 

28-602 

44-178 

6-6466 

21 

66-973 

846-361 

18-610 

7i 

24-347 

47-173 

6-tt68l 

'ili 

66-769 

354-667 

18-831 

B 

'ifi-132 

50-266 

7-0897 

214 

67-544 

363-061 

19-053 

8i 

36-918 

63 -456 

7-3113 

2If 

68-839 

871-643 

19374 

8i 

26-703 

56-745 

7 '6326 

22 

69-116 

380188 

1«'4»6 

B| 

27-489 

60-133 

7-7544 

m 

89-900 

888-833 

19'718 

? 

28-274 

63-617 

7-9700 

m 

70-686 

397006 

19-939 

9k 

29  069 

67-200 

8-1974 

224 

71 -471 

406-493 

9D-16L 

a* 

29-815 

70-882 

6-4190 

23 

72-266 

416-476 

ao'sai 

9| 

80-600 

74-662 

8-6406 

23i 

73  042 

424- 667 

30-601 

10 

31-416 

78-540 

8-8620 

23* 

73-827 

433-781 

»s^ 

lOi 

32-301 

82-516 

9-0836 

23i 

74  618 

448014 

%v^m 

1<H 

32-986 

86-590 

B-3061 

24 

76-398 

483-90O 

'^Vl 

10} 

88-772 

90-762 

9-6267 

24i 

76-183 

461-864 

31 -WP 

U 

84 -667 

95-083 

9-7482 

244 

76-969 

471-486 

21-719 

Ui 

3G-343 

99-402 

9-9698 

24} 

77-764 

481-106 

21-938 

lU 

36-128 

103-869 

10-191 

26 

78-640 

490-875 

23  165 

Hi 

36-913 

108-484 

10-413 

26i 

79-S3S 

GOO-741 

32  876 

12 

37-699 

113-097 

10-634 

264 

80-110 

610-706 

32-6ga 

I2i 

38-484 

117-859 

10-856 

36i 

80-896 

630-769 

28-819 

12i 

39-270 

122-718 

11-077 

26 

81081 

630-980 

28  041 

12i 

40-065 

127*676 

11-299 

261 

82-467 

Miise 

23  363 

13 

40-840 

132-782 

11-620 

264 

88-362 

661-647 

28  4»« 

m 

41-6-26 

197-886 

11-742 

262 

84-087 

662-003 

BS-T08 

42-411 

149-139 

11-963 

27 

84-833 

678-666 

23-W 
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CIrouitt* 

ferencfi. 

Area. 

Side  ol 
KqUAl 

BguMr*. 

Diam. 

Olroum* 

Arciu 

Bide  ol 
Equftl 
Square, 

971 

85-MW 

683-906 

24 

149 

41| 

131 

161 

1369-00 

36-999 

274 

86-394 

593-968 

24 

870 

42 

131 

947 

1385-44 

37-330 

3Vi 

87-179 

604- 807 

24 

692 

■121 

132 

-732 

1401-96 

37-449 

28 

«7-yB4 

615-763 

24 

813 

421 

133 

518 

1418-62 

37-668 

1»i 

88-750 

626  799 

26 

036 

422 

134 

303 

1435  36 

37-886 

38i 

^-&86 

637- 041 

35 

256 

43 

135 

088 

1452 '20 

3S-106 

a8i 

90  ^21 

64'J  182 

-25 

478 

43} 

136 

874 

1469-13 

88-328 

39 

91- 106 

660-521 

26 

690 

m 

136 

669 

1486-17 

38-549 

29i 

91-891 

671-968 

25 

921 

43i 

137 

445 

1503-30 

88-771 

SSi 

92-677 

683  494 

36 

143 

44 

138 

230 

1620-63 

88-998 

392 

93-462 

695-128 

26 

864 

441 

139 

015 

1637-86 

39-214 

90 

94-246 

706-660 

96 

686 

«41 

139 

801 

1666-38 

3y  4U6 

dOi 

96033 

718-690 

36 

807 

44J 

140 

586 

1579-81 

39  ^7 

801 

96-818 

780-618 

97 

029 

46 

141 

373 

1590-43 

89  879 

801 

96-604 

742-644 

27 

260 

451 

142 

157 

1608-16 

40- no 

ai 

97-889 

754-769 

37 

472 

45i 

142 

942 

1626-97 

40-322 

tt^i 

98-176 

766-992 

97 

693 

463 

143 

728 

1643  89 

40-548 

dH 

98-968 

779-818 

27 

915 

4G 

144 

513 

10(11 -DO 

40-765 

Sit 

99-746 

791-732 

28 

136 

461 

146 

299 

1680-01 

40-966 

83 

100-631 

804*249 

28 

368 

464 

146 

064 

1698-23 

41-208 

89i 

101-816 

816-866 

28 

580 

461 

146 

869 

1716-54 

41-429 

83i 

103- 102 

839-678 

2ti 

801 

47 

147 

655 

1784-94 

41-661 

82] 

103 -Bb? 

842-390 

29 

023 

471 

148 

440 

1753-46 

41  &78 

88 

lOa'679 

866-800 

39 

244 

471 

149 

226 

1772-05 

43-094 

831 

104-468 

868308 

39 

466 

47i 

160 

OU 

1790-76 

■J'i  316 

831 

106-243 

881-415 

29 

687 

48 

160 

796 

1809-56 

42  537 

881 

106-039 

694-Gig 

29 

909 

481 

151 

632 

1828-46 

49-759 

84 

106-814 

907-922 

80 

131 

481 

152 

367 

1847-46 

42980 

841 

107 -6W 

921-323 

30 

352 

461 

158 

163 

1866-56 

a-2oa 

IS 

108-366 

934-822 

30 

574 

49 

168 

938 

1885-74 

«3-42S 

109-170 

948-419 

30 

796 

491 

164 

728 

1905  03 

43-646 

86 

104-966 

963-llfi 

81 

017 

491 

155 

500 

1924-43 

43-867 

86i 

110-741 

976-908 

31 

238 

491 

15C 

294 

1943-91 

24-068 

86i 

111-626 

989-800 

31 

460 

50 

167 

oeu 

1963-60 

44-310 

36i 

113  812 

1003-79 

31 

681 

fiOi 

157 

866 

1983-18 

44-581 

36 

113097 

1017-87 

31 

303 

501 

168 

650 

2002-96 

44-763 

86} 

113-883 

1033  06 

32 

124 

601 

159 

436 

2022-84 

44-974 

8g| 

114-668 

1046-39 

32 

349 

51 

160 

221 

2042-83 

46-196 

361 

116-468 

1060-73 

32 

667 

611 

161 

007 

2062-90 

46*417 

87 

116-389 

1076-21 

39 

789 

fill 

161 

792 

208307 

46  639 

871 

117-004 

1089-79 

33 

Oil 

511 

162 

677 

2103-36 

46-861 

a7i 

U7'ttl0 

1104  46 

33 

232 

62 

168 

363 

2123-72 

46-082 

87| 

118-696 

1119-24 

33 

464 

621 

164 

148 

2144-10 

46-304 

88 

119-880 

U34  11 

38 

075 

621 

164 

934 

2164  76 

46  535 

881 

120-166 

1149-06 

83 

897 

691 

165 

719 

21&5-43 

46  747 

881 

120-961 

1164-16 

34 

118 

63 

166 

504 

2-206- 18 

46-068 

8bS 

191-737 

1179-33 

34 

340 

681 

167 

290 

9227-06 

47-190 

89 

122-622 

1194-69 

34 

561 

681 

166 

076 

2248-01 

47'411 

891 

123-307 

1309-96 

34 

783 

631 

168 

861 

2269 -06 

47  633 

8»1 

124-093 

1225-42 

35 

006 

54 

169 

C46 

2290-22 

47-854 

8»1 

124*87B 

1240 -irt* 

So 

226 

54i 

170 

431 

2311-48 

48-076 

40 

126-064 

I26ti-t4 

86 

448 

54* 

171 

217 

2332-83 

4H«29e 

401 

126-449 

1272-39 

85 

669 

54i 

172 

002 

2:!r>4-28 

•18-510 

401 

127-234 

12158 -26 

36 

891 

56 

172 

788 

'2376-83 

48-741 

401 

128  020 

1304-20 

36 

112 

551 

173 

673 

2397-48 

43  962 

41 

128  806 

1320-26 

86 

334 

661 

174 

358 

2419  98 

49-184 

4L1 

129-591 

1336-40 

86 

556 

551 

175 

144 

244 1 -07 

49-406 

411 

130- 87C 

1353-66 

86 

777 

56 

176 

939 

2463-01 

49-697 

^L 

1 

1 
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^^M          512 

^^H            Diuii. 

Ciwum- 
feruoce. 

Anuu 

Side  of 
Eqiud 

102-138 

iJiiini. 

drcau- 

ferencc. 

Area, 

Side  of      1 
Eqoil      1 

114-968       1 

^^H         ^^H 

962-068 

10432-12 

12MJ 

407-621 

13222-26 

^^H             115 

362-864 

10477-43 

102-369 

130 

408-407 

13273-26 

116-211) 

^^H         11& 

363-689 

106-J2-84 

102-581 

13fl 

409-192 

133-24-36 

116-431 

^^B 

364-424 

10668-34 

102-802 

130 

409-977 

13376-56 

116-668 

^^^1 

■MTr-IW 

10613-94 

103  024 

130 

410-763 

13436-85 

115-874 

^^H              116 

365  095 

10659-65 

103 '246 

131 

411-548 

13478-26 

116-006 

^^H          116 

.166-780 

10705-44 

103-467 

1311 

4)2-334 

13529-74 

116-317 

^^V             117 

367-586 

10751  ai 

103-689 

13U 

413-119 

13581-33 

116-539 

^^^              117i 

36S-351 

107t'7-34 

103-910 

131} 

413-904 

13633-02 

116761 

■                    117} 

389'137 

10843-43 

104-132 

132 

414'6IK» 

13684-91 

116-982 

^^^              lU! 

309  922 

10889-62 

104-353 

132 

415-475 

13736-70 

117-2(M 

^^H             118 

370-708 

in9.'^5-91 

104-575 

132 

416-260 

13788-68 

117-425 

^^H       ^i^i 

371-493 

10982-30 

104-796 

132 

417-046 

13840-76 

117-647 

^^H       1^4 

372-278 

11028-78 

105-018 

133 

417-831 

13892-94 

117-868 

^^H             118} 

873-064 

I1075-:i; 

105-240 

133 

418-617 

13946-22 

118-090 

^^H             119 

373S49 

111  22 -or. 

105-461 

133 

419-402 

13997-60 

118-311 

^^H             U9 

374-635 

11168-83 

105-683 

183 

420-188 

14050-07 

118-6S8 

^^^l             IID 

375-420 

11215-71 

106-904 

134 

420-973 

14102  •64 

118755 

^^^1             119 

376-206 

11 262  BO 

106-126 

134i 

421  -758 

14155-31 

u9-n$ 

^^M 

376-991 

11309-76 

106-347 

134! 

422-544 

14208-08 

119-198 

^^^             120) 

377-776 

11366-93 

106-569 

134? 

423-329 

14260-95 

119'41» 

V              laoi 

378-56-2 

11404-20 

106-7W 

136 

424-115 

14313-92 

119-641 

■                      120! 

370-347 

11151-57 

107  012 

1351 

424 -rKK) 

14;«6-98 

119-882 

■             i2r 

830-132 

11499-04 

107-234 

135j 

425.085 

1442014 

120-084 

■                      121 

380-918 

1LM6-61 

107-455 

135S 

4-26-470 

14473-10 

120-306 

^fc^              121 

381-703 

11594-27 

107-677 

136 

1-27-256 

14526-76 

1-20-52? 

^^K 

382-489 

11642-03 

107H98 

1364 

4-28 -042 

14580-21 

120-749 

^^■p 

383-274 

11689-89 

108-120 

136A 

4'2S-827 

14033-77 

13O-970 

^^^             1221 

384-059 

11737-85 

108-341 

m{ 

429-612 

14687-42 

121-192 

384 -846 

11785-91 

108-563 

137 

430-398 

14741-12 

121-413 

^V                       1224 

386-630 

11834-06 

108-784 

1371 

431-183 

14795-02 

121-635 

12S 

386-416 

11882-32 

109-006 

137 

481-969 

14848-97 

121 -ssa 

387-201 

11930-67 

109-228 

137 

432-764 

U908-01 

122-078 

123| 

387-986 

11979-12 

109-449 

138 

433-539 

14967  16 

122-299 

388-772 

12027-66 

109-671 

138 

43-1-325 

ir.on  40 

123fiQl 

124 

389-557 

12076-31 

109-892 

138 

435-110 

15065-74 

122-743 

124i 

390-343 

121-25 -06 

110114 

138 

436-896 

15120-18 

132-964 

ml 

391  -128 

12173-W 

1 10-335 

139 

436-681 

15174-71 

129-186 

124j 

391-918 

12'222-84 

110-657 

1391 

437-466 

15229-85 

123-407 

126 

392-699 

12271-88 

110-778 

139^ 

438-352 

15284-08 

123  <29 

393-484 

12321-01 

lll-OOO 

139v 

439-037 

15338-91 

123  860 

123 

394-270 

12370-25 

111*222 

140 

430-823 

15393-84 

I24<)7-J 

12f.J 

395055 

1-J419-58 

111-443 

140 

440-608 

1544S-87 

124-293 

126 

395-840 

12469-01 

lll'6ti5 

140 

441-393 

15503-99 

124-515 

126 

396-6--ia 

12518-54 

111-886 

140 

442-179 

15659-22 

124-787 

126 

397-411 

1256817 

112inS 

141 

442-964 

15614-54 

124-958 

126; 

398-197 

12fll7-i*9 

112  329 

1411 

443-760 

15669-96 

125-180 

127 

398-982 

12667-72 

112-551 

14l! 

444-535 

15726-48 

125  401 

1271 

399-767 

12717  ■t)4 

112-772 

UlJ 

445-320 

15781-09 

125-«23 

1271 

400-553 

12767-6(i 

11 2-994 

142 

446-106 

158:16-61 

1 25-844 

1273 

401-338 

1-2817-78 

113-216 

1421 

446-891 

}hH9f2-fl2 

T>rt-06(; 

128 

402-124 

12868-00 

113-437 

142 

447-677 

I'-----  '" 

-." 

1281 

4ff2-90» 

1*2918-31 

113  059 

142 

448-462 

'  1 

128l 

403-694 

12968-72 

113-880 

148 

449-247 

I,,  . 

_■_■  ...1 

404-480 

13019-23 

114  102 

1431 

460-033 

lOUG'tii^ 

1261*52 

129 

405-265 

1306y-81 

114-323 

i43i 

460-818 

16173-16 

127  174 

1^ 

406-051 

13120-65 

]  14-545 

143j 

451-604 

16229-66 

127*396 

409-836 

13171-86 

114-767 

144 

452-389 

16286-05 

127-617          I 
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Diam. 

Cironm- 
fereiico. 

Area. 

Side  of 

Biiual 

Square. 

127-838 

Biam. 

Circum- 
ference. 

Arua. 

Kquai               ^^M 

Square.            ^^| 

144* 

453174 

1B334-66 

158| 

498-727 

19793-31 

140-639              ^M 

144} 

463-960 

18399-36 

128-060 

159 

499-513 

19865-70 

140-910             ^M 

144} 

454745 

16456  14 

128-281 

159} 

500-298 

1991819 

141-132      ^^H 

14? 

465-6S1 

16513  04 

128-503 

159 

501  -084 

19980-77 

141-353      ^^H 

\m 

456*316 

16570-03 

128-725 

169 

501-869 

20043-46 

141-576      ^^H 

14.4 

4f.7-101 

16627-n 

128-946 

160 

r.02-651 

20106-24 

141-796              ^M 

MM 

4:./ -887 

16684-30 

129-168 

160} 
160 

503-440 

20169-12 

142-018              ^M 

140 

458  ■«7a 

16741-69 

129-389 

504-226 

20232-10 

142-240       ^^H 

146* 

450 -458 

16798-97 

12!) -611 

160 

505-011 

2029G-I8 

142-461       ^^H 

\m 

I60'-J43 

16856-46 

129-8;i-J 

im 

505-796 

20358-35 

I42-6Kt       ^^^H 

146| 

461-028 

1691403 

130-054 

161 

506 -.581 

20-12163 

142-904              ^H 

147 

481-814 

16971-71 

130-276 

161 

507-367 

20485-00 

143126              ^M 

147} 

462-569 

17029-48 

130-497 

im 

508-162 

20648*47 

^^^1 

M7j 

463-3a'i 

17087-36 

lSn-719 

Hi2 

508-938 

20612-04 

^^^H 

147} 

464-170 

17145-3;] 

130-940 

UV2 

r.06-r23 

20675-70 

143-790       ^^H 

US 

464-flfi5 

17203-40 

131-162 

162 

510-508 

20739-47 

144-012             ^H 

148i 

466-741 

17261-57 

131-:JH;i 

162 

611-294 

20803-33 

144-234              ^M 

14S 

468-6a6 

17319-84 

131-605 

163 

512-079 

20867-29 

144-455        ^^H 

148 

467-312 

17878-20 

131  -826 

183 

512-865 

20931-35 

144-677      ^^H 

140 

468-097 

17436-67 

132-048 

163 

513 -650 

20995-51 

M4-898      ^^H 

149^ 

468-882 

17495-22 

132-270 

163 

614-435 

21059-76 

145120             ^H 

14^ 

469-663 

17553-89 

13-J-491 

164 

516-221 

21124-12 

146-341              ^M 

I40J 

470-463 

17612-64 

132-713 

lQ4f 

610-006 

21188-57 

146-563       ^^H 

150 

471-239 

17671-50 

132-934 

164} 

616-792 

21253-12 

145-784       ^^H 

1604 

472-Oai 

17730-46 

133-166 

164} 

617-577 

21317-77 

146-006       ^^^1 

ifiot 

472-800 

17789-51 

133-377 

165 

518-362 

2\:iS'2b2 

146-228       ^^^H 

160f 

473-695 

17848-66 

133-699 

165} 

519-148 

21447 '36 

146-449       ^^^1 

161 

474-380 

17907-91 

138-820 

165t 

519-933 

21512-30 

146-671       ^^^1 

15U 

475-165 

17967-26 

134-042 

165} 

520-719 

21577-34 

146-892             ^H 

IMJ 

475-961 

18026-70 

134-264 

166' 

621-504 

'21 642 -48 

^M 

I61I 

476*736 

18086-24 

134-485 

1(56} 

6'22-290 

21707-72 

147*336       ^^H 

162* 

477-622 

18146-88 

134-707 

106 

523-076 

21773-06 

147-567       ^^H 

152} 

478-307 

]8ft05-62 

134  928 

166 

523-860 

21838-49 

147-779       ^^M 

1622 

479*092 

18265-46 

135  160 

lft7 

5'24*646 

21904-02 

148*000              ^H 

152} 

479-878 

18325-39 

135-371 

167 

525-431 

21969  65 

148-222              ^M 

158 

480-663 

18385-43 

135  593 

167 

626-216 

22035-38 

148-448       .^^H 

1534 

481-449 

18446-56 

135-814 

167 

527-002 

22101  -21 

148-666       ^^H 

issl 

482-234 

18505-79 

136088 

168 

527-787 

22167  13 

14H-a86        ^^^1 

153? 

433-019 

18566-12 

136-268 

168} 

528-673 

22233-15 

149-108               ^H 

154 

483-805 

18626-66 

136-479 

168i 

529-358 

22299*27 

149-329               ^M 

1644 

484-590 

18687-07 

136-70t 

168j 

530-143 

22365  49 

149-561                ^H 

imI 

485376 

18747-69 

136-922 

169 

530-929 

2-2431  -81 

140-773                ^1 

1541 

486-161 

18808-42 

137-144 

169} 

531714 

22498-22 

149-994                ^M 

156 

486-946 

18869-24 

137-365 

1691 

532-500 

22564-74 

150-216               ^M 

155| 

487-932 

18930-15 

l.'t7-f»87 

169} 

&33-285 

s'.wsi-se 

150-437                ^1 

16&I 

488-517 

18991-17 

137-808 

17? 

534-070 

22898-06 

150-659                ^1 

l&6z 

489-803 

19052-28 

138-f)JO 

170} 

53-1-856 

22764-87 

150-880               ■ 

158 

4M-088 

19113-49 

138-2.^2 

170i 

635-641 

22831-77 

151-102         __^M 

15BJ 

490-873 

19174-80 

138-473 

170f 

636-426 

22898-79 

151-328       ^^^1 

166| 

491-669 

19236-21 

138-695 

ur 

637-212 

2-^965-88 

151-546        ^^^1 

I      lf»| 

492-444 

19297-r2 

138-916 

171} 

537*997 

23033-08 

151767       ^^^B 

1     157 

493-230 

19359-82 

139-138 

171 

538-783 

28100-38 

151-988             ^M 

r     167} 

494-016 

19421-03 

139  359 

171 

539-568 

23167-78 

152-210               ^M 

1&7A 
157J 

494-800 

19482-83 

131»-581 

172 

540  363 

28236^ 

152-431                ^M 

495-586 

19544-73 

139-802 

1721 

541  139 

23302'87 

152-653                ^M 

168 

496-371 

19606-73 

140-024 

172 

541-924 

23370-66 

162-874               ^M 

k: 

497-167 

19668-82 

140-246 

172 

542-710 

23438-35 

163-096               ^M 

497-942 

33 

19731-02 

140-467 

173 

543-495 

23606-24 

153-317        ^^M 

B 

1 

E 

fl 

■ 

■ 

..„,...,..„..„,   i 

^^V         614 

^^^H 

Circum- 
ference. 

Area. 

Bide  of 

Ef(iiftl 

Diftni. 

Circum- 

fertnce. 

Area. 

S'ulc  of 

E.1U1 

Snosre. 

165-603 

^^^^B        17^ 

M4-2S0 

^f)7-4*22 

153-539 

1863 

M6-692 

27391-27 

^^H        274 

r>46-066 

23642-31 

153-761 

187 

587-477 

27464-65 

165725 

^^H              1731 

M5'85l 

23710-49 

153-982 

187i 

588-263 

27538-14 

165-94« 

^^^B              174 

M6-637 

23778-77 

164-204 

187* 

689-048 

27811-72 

166-1<8 

^^H              ^7H 

M7-422 

2384715 

154-4-25 

1872 

f»89-834 

27685-40 

106-388 

^^m       ^"m 

H8-207 

23915-63 

154-647 

188 

690-619 

2n59-18 

166-611 

^^m 

548-993 

23984-20 

154-868 

1881 

501-404 

27833*06 

166-832 

^^H 

549-778 

24052-88 

155-090 

issX 

692-190 

27907-03 

167-064 

^^H 

550*564 

24121-65 

ir.5-311 

1881 

592  ■975 

27981-10 

167-276 

^^H 

551-349 

24190-52 

ir.5-r)33 

189 

593-761 

28065-27 

167-497 

^^H          :7&J 

552-134 

2-1259-43 

155-755 

189 

594-646 

28129-f>4 

^^H             176 

552-920 

24328-55 

1^5*976 

189 

595-331 

28203-91 

167-910      J 

^^H             17^ 

553-705 

24397-71 

ir«*i98 

189 

5V*6-117 

28278-38 

168-lg     J 

^^H              176 

554*491 

24466-98 

156-419 

190 

696-902 

28352-94 

^^H              176 

655-276 

24536-34 

156-641 

1901 

697'687 

28427-60 

168^^^H 

^^H 

656-Oei 

24605-80 

156-862 

190l 

508-473 

28502-36 

169  ^^^^1 

^^^H 

556-847 

24675-35 

157-084 

190S 

699-258 

28577-22 

169^^^^| 

^^H         ^m 

557-632 

24745-01 

157-306 

191 

600-044 

2365218 

169^^^^H 

^^H 

558-418 

24814-76 

157-527 

1911 

600-829 

28727*23 

169^^^^| 

^^^l 

559-203 

24884-61 

157-749 

19U 
19l| 

601*614 

28802-39 

1691^^^! 

^^H                173^ 

559-988 

24954-56 

157-970 

602-400 

28877-64 

169'fll^^l 

^                      1781 

560-774 

25024-61 

158-192 

192* 

603-185 

28952-99 

170-1^^^ 

■u                      173} 

561-659 

25094-76 

158-413 

19^ 

603-971 

29028-43 

170-377       1 

^^^ 

662-345 

25165-00 

158-635 

192| 

604-75»l 

29103-98 

170-fiW 

^^H             17f)i 

663-130 

26285-84 

158-856 

1929 

605-541 

29179-62 

170  820 

^^H              179 

563-915 

25306-78 

159-078 

193 

606-327 

29255-37 

171 -Ott 

^^H 

664-701 

25376-32 

159-299 

1934 

607-112 

29331-21 

171 -aw 

^^H 

665-488 

25446-96 

159-621 

1931 

607-898 

2940714 

171-486 

^^^              18U 

566-272 

25517-70 

159-743 

193? 

608-683 

29483  18 

171-707 

^r                      1801 

567  057 

25588-53 

159-964 

194 

609-468 

20669-32 

171-928 

V                        180} 

667-842 

25659-46 

160-186 

1911 

610-264 

39635-66 

172-150 

^                 lei 

568-628 

25780-49 

160-407 

1941 

611-039 

29711-88 

172-371 

]8U 

569-413 

25801-62 

160-629 

Ift-tJ 

611-825 

29788  31 

172-593 

181 

570-199 

25872-84 

160-850 

196 

612-610 

29864-84 

172-814 

181 

570-9^» 

25944-17 

161-072 

1951 

613-395 

29941-46 

173-036 

182 

571*769 

2601 5 -59 

161-293 

195J 

614-161 

30018-19 

173-268 

182* 

57*.^'W5 

26087 -n 

161-515 

1963 

614-966 

80095-01 

173-479 

182l 

573-340 

26158-73 

161-737 

196 

615-762 

30171-93 

173-701 

lS2f 

574-126 

28230-45 

161 -958 

1961 

616-637 

30248-96 

173-9!H 

183 

574-911 

26302-26 

162-180 

196 

617-322 

an»2A-06 

174144 

1831 

575  69G 

26374  17 

162-401 

196 

618-108 

30408-28 

174'305 

183 

576-482 

26446  19 

152-623 

197 

618-893 

30480-59 

174-587 

183 

577*267 

26519-29 

162-8^11 

1974 

619-679 

30568-00 

174-806 

184 

678-063 

26590-50 

163-066 

1975 

620-4«M 

30635-51 

175-OSO 

1844 

578-838 

26662-81 

163-287 

197} 

621-249 

30713-12 

175-253 

184 

579-623 

26735*21 

163-509 

198 

622035 

30790-82 

175 -478 

184 

580-409 

26807-71 

163-731 

1981 

622  820 

30868-63 

176-696 

185 

581-194 

WftRO-32 

163-962 

1981 

628-606 

30946-63 

175-916 

1854 

581-980 

26953-01 

164-174 

198} 

624-391 

31024  53 

176-138 

IS.U 

582-765 

27025-81 

164-395 

I9tr 

626176 

31102-63 

176-350 

lS5r 

583-550 

27098-71 

164-617 

1991 

625-962 

31180-82 

176-681 

186 

584  336 

27171-70 

164-838 

199l 

626-747 

3125912 

176-802 

1861 

585-121 

27244-79 

165-060 

I9» 

(K7-i'AS 

3i:i37-49 

177  «M 

685-907 

27317-98 

165-282 

200^ 

6-28-318 

■ 

31415-98 
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WEIGHTS  AND  MEASURES. 

Troy  Weight. 

Pennyweights.         Grains,    gr. 
Ounces.  i  =  24      dwt. 

Pound.  I  =  20  =       480      oz. 

I  =12  =  240  =     5760      !b. 

A  carat  =  4  grains. 
437*5  g'^'S'  troy=  i  oz.  avoirdupois. 
7000         ,,  =1  lb.  „ 

100     oz.  troy  ^  1097  oz.      ,, 
3*2  grs.  ,,    =      4  diamond  grs. 
I      oz.    ,,    =  150  ,, 

The  pound  troy  is  the  weight  of  22"8i5  cub.  in.  of  distilled 
water  at  the  temperature  of  62^  Fahr.,  the  height  of  the  barometer 
being  30  in. 

Troy  weight  is  used  in  philosophical  experiments,  and  in 
weighing  gold,  silver,  and  jewels.  The  fineness  of  gold  and 
silver  coins  means  the  proportion  of  the  precious  metal  which 
they  contain.  This  is  expressed  in  juVo^^s  of  their  total  weight, 
or  in  carats — 24ths  of  their  total  weight.  British  gold  coins  are 
22  carats  fine,  or  0*9165  ;  silver  coins,  0*925.  Gold,  if  pure,  is  said 
to  be  24  carats  fine ;  if  there  be  one  of  alloy  with  23  carats  of 
pure  gold,  it  is  23  carats  fine,  and  so  on  downwards.  The  alloy 
in  gold  and  silver  coins  consists  of  copper.  The  true  weight  of  a 
sovereign  is  123*274  grains  consisting  of — pure  gold,  11  parts  or 
ii3'ooi  grs.  ;  copper,  i  part  or  10*273  &''^-  Silver  coin  consists 
of — pure  silver,  222  parts  ;  copper,  18  parts.  The  weight  of  a 
shilling  is  87^^  grs.  24  pence  are  made  from  an  avoirdupois 
pound  of  copper. 

Sepiem  atid  Decigallon, 
The  word  septem  (seven)  is  descriptive  of  the  weight  of  the 
TirVir  P^^^  ^^  ^  decigallon   of  distilled  water   at  62°   Fahr.   and 
under  a  barometric  pressure  of  30  in. 

A  decigallon  of  water  is  the  ^V  P^*"^  of  a  gallon,  and  as  a  gallon 
of  water  at  the  above  temperature  and  pressure  weighs  70,000  grs. 
(10  lbs.  avoirdupois),  it  follows  that  the  -^q  part,  or  a  decigallon, 
must  weigh  7000  grs.  (i  lb.). 


>1C 
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Grains. 

K^' 

=            20 

scr 

60 

dr. 

480 

oz. 

=        5760 

lb. 

tlie  ounce,  5. 

Each  decigallon  is  divided  into   1000  septems  ;  and  therefore 
the  septem  of  pure  water  weighs  7  grs. 

Apothecaries   Weight, 

Drams,  Scruples, 

or  Drachms.  i 

Ounces.  1  ^  3 

Pound.  I  =  8  =         24 

I        ==       13  =  96  =      288 

The  sign  of  the  scruple  is  3  ;  the  dram,  " 
This  weight,  which   is  now  abolislied,   was  formerly  used  for 
compfiuniiin}^  medicines.     The  grain,  ounce,  and  pound  are  equal 
to  those  of  troy  weight.     Drugs  are  bought  and  sold  by  avoirdupois 
weight. 

Avoirdupois  Weight. 

Stones. 
Quarters.  i 

I      =       2 

4=8 

80     =  160 

I  lb,  avoirdupois  =  7000  grs.  troy. 

I  oz.  ,.  ^4375       M 


Ton. 


Cwts. 
I 

20 


Ounces 

'■ 

Drams,  dr. 

Pounds.               I 

=t 

16  oz. 

1     =          16 

=- 

256  lb. 

=       14     =       224 

= 

3584  St. 

=      28     =       448 

- 

7168  qr. 

=     112     =      1792 

- 

28672  c»t 

-  2240    =   35840 

= 

573440  ton. 

too 


9< 


if 


oz. 


troy 


The  imperial  pound  avoirdupois  is  the  standard  unit  by  means 
of  which  all  commodities,  except  gold,  silver,  and  precious  stones, 
are  weighed,  and  is  equal  to  the  weight  of  j\j  of  an  imperial 
gallont  or  of  27*7274  cub.  in.  of  distilled  water  at  the  temperature 
of  62*  Fahr.  and  when  the  barometer  stands  at  30  in.  A  certain 
piece  of  platinum  of  this  standard  weight  is  kept  in  the  Exchequer 
Office  at  Westminster. 

Litteal  or  Long  Measure. 


V 


Rods, 

Feet. 

Inches 

Perches  or 

Yards. 

I      ^= 

12 

Poles. 

1      = 

3     = 

36 

Chains.             \      - 

si  - 

i6i-   = 

198 

Furlongs.        r      =          4      = 

22        *» 

66     = 

792 

Mile.         I      =      10     =-       40     = 

220       = 

660     - 

7920 

I      =     8     ==     80     =     320     = 

1760       = 

5280     = 

63360 
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I  link  =  7*92  in. 
100  links  =  I  chain,  or  66  feet,  or  22  yards. 
I  league  =  3  geographical  or  nautical  miles. 
I  hand  =  4  inches. 
I  fathom  =  6  feet. 
I  military  pace—  2^  feet. 
I  geometrical  pace  =  5  feet. 

I  geographical  or  nautical  mile=  1*15  statute  miles. 
I    geographical    degree  =  60    geographical    or    nautical 

miles. 
I  Admiralty  knot  =  6080  feet. 
The  yard  is  the  imperial  standard  measure  of  length,  and  is 
the  distance,  at  the  temperature  of  62°  Fahr.,  between  two  marks 
on  a  certain  bar  kept  in  the  Exchequer  Office,  Westminster. 


Cloth  Measure, 


Nails 


Yards. 


Ell. 

I  = 

The  yard  is 


Quarters. 
I  = 

1=4         = 

li         =         5         = 
the  same  as  in  long  measure. 


4 
16 
20 


Inches. 

2i 

9 

=         36 

45 
but  differs  in  its 


divisions  and  subdivisions. 


Yam  Measure — Cotton. 


Hanks. 
Spindle.                 i          = 
I          =          18         = 

Skeins. 
I          = 

7 
126 

Yards. 

120 

840 

15120 

Yam  Measure — Linen, 

Hears. 

Hasps.                  I 

Spindle              i         ~           6 

1         =         4         -         24 

Cuts. 

1 

=           2 

=         12 

=         48 

Yards. 

300 

600 

3600 

=         14400 
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Square  Measure. 

Sq.  Feet. 

Sq.  Poles  or  Sq.  Yards.  i     = 

Perches.  i     =s  9     = 

Statute  Sq.  Roods.  i       =         304  =         272J  = 

Acre.  I       -         40       =1210     =     Z0890     = 

1=4=       160       =     4840     =     43560     = 

I  square  mile  =  640  statute  acres. 
In  round  numbers,  ^.  per  square  yard  is  ;£'io  per  statute  acre 
(actually,  ;^io,  is.  8d.). 

4,840     square  yards  make  i  statute  acre. 


Sq.  Inches. 

144 
1296 

39«H 
1568160 
6272640 


/  6,150-4 

,         Scotch  acre. 

7.840 

,         Irish  acre. 

4,000 

,          Devonshire  acre. 

Customary 

4,000 

,          Somersetshire  acre 

Measure. 

5,760 

,          Cornwall  acre. 

7,840 

}          Lancashire  acre. 

10,240                ,, 

,          Cheshire  acre. 

MO,  240                      ,, 

„          Staffordshire  acre. 

To  Reduce  Statute  Measure  to  Customary, 
Multiply  the  number  of  perches  statute  measure  by  the  square 
feet  in  a  square  perch  statute  measure  ;  divide  the  product  by  the 
square  feet  in  a  square  perch  customary  measure,  and  the  quotient 
will  be  the  answer  in  square  perches  customary. 

To  Redtice  Custom^ary  Measure  to  Statute. 
Multiply  the  number  of  perches  customary  measure   by  the 
square   feet   in  a  square  perch  customary  measure  ;    divide  the 
product  by  the  square  feet  in  a  square  perch  statute  measure,  and 
the  quotient  will  be  the  answer  in  square  perches  statute. 


Square  Measure — Land. 

Sq. 

Perch. 

Sq.  Links 

Sq.  Chains. 

I 

= 

625 

Sq.  Roods.              I 

= 

... 

= 

lOOOO 

Acre. 

I         =           2-5 

= 

... 

— 

25000 

I 

=         4         =         10 

= 

... 

= 

lonooo 

The  chain  with  which  land  is  measured  is  22  yards  long. 
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Cubic  Yard. 

I 

Solid  or  Cubic  Measure* 

Cubic  Feet.            Cubic  Inches. 
1             =               1728 
=            27            «            46656 

Gallon. 

Liquid  Measure, 
Pints. 
Quarts.              i 
I         «         2 

- 

Gills. 

4 
8 

I         «         4         ="     .    8        =         32 
The  standard  measure  of  capacity,  both  for  liquids  and  dry 
goods,  is  the  imperial  gallon,  being  equal  to  a  volume  of  distilled 
water  of  277*274  cub.  in.,  weighing  10  lbs.  avoirdupois,  at  the 
temperature  of  62'  Fahr.  and  30  in.  atmospheric  pressure. 

Liquid  Measures  used  by  Apothecaries, 
I  fluid  minim   =0-0045  cubic  inches,     (rci) 

60     ,,     minims=  I  dram.     (3) 
8  drams  =  i  oz.     (5) 

20  oz,       =  I  pint.     (0) 

Wine  Measure, 


Quarts.      Pints. 

Gallons. 

I    =          2 

Tierces. 

I 

= 

4    =          8 

Hhds.         I      = 

42 

= 

168    =      336 

Punch.      I      =      i\  = 

63 

= 

252    =      504 

Pipes.          1      =      ij   =     2     - 

84 

= 

336    =      672 

Tun.          I     =      i^   =     3     =     3     = 

126 

= 

504    =    1008 

i      =     2«3     =     4     =     6     = 

252 

- 

1 008      —      20l6 

Ale  and  Beer  Measure, 

Quarts.  Pints. 

Gallons.        i   =       2 

Firkins. 

I 

.4-8 

Kildkns. 

I    = 

9 

=     36-72 

Barrels.       i     = 

2   = 

18 

=     73  -   J44 

Hhds.        I     =     2     =» 

4   - 

36 

-   144  -  388 

Punch.      I     =     i|  =     3     = 

6  - 

54 

-=  216  «  433 

Butt.          I     =   ij   =     2     =     4     « 

8  = 

72 

=  288-576 

i      =      i4   =   2     =     3     =     6     = 

12  = 

108 

=  433  »  864 

*^ao 
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Dry  Measure, 

{ 

Galons.        Pints. 

Perks. 

1=8 

Bushels.           I 

ss 

2     =         16 

Quarters.         i     =         4 

=ss 

8     =         64 

Loads  or  Weys.    i       =       8     =       32 

ss 

64     =       512 

Last.            1       »        s      =     40     «     160 

=. 

320     =     2560 

1=3      2      —       10—     8o»     320 

= 

640     «     5120 

3  bushels  B  X  sack  =  3 '85  cubic  feet. 
12  sacks  »  I  chaldron  —  46*2  cubic  feet. 
The  imperial  bushel  contains  80  lbs.  avoirdupois  of  distilled 
water,  and  its  content  is  2318*192  cubic  Inches,  or  1*283  ^^^'^ 
feet. 


TaUe 

of  Time, 

Minutes. 

Seconds. 

ours. 

I 

= 

60 

I 

60 

= 

3600 

24 

1440 

= 

86400 

168 

==      10080 

= 

604800 

Days. 
Week.        I      = 
1     =     7     = 
28  days=  I  lunar  month. 
281  29,  30,  or  31  days=  i  calendar  month. 
I  common  year  — 365  days,  or  52  weeks,  i  day. 
I  leap  year  =  366  days,  or  52  weeks,  2  days. 
I  Julian  year  =  365  days,  6  hours. 

I  solar  year  ==365  days,  5  hours,  48  minutes,  49  seconds. 
30  degrees—  i  sign. 
1 2  signs  =  I  circle  of  the  zodiac. 


CIRCULAR  AND  ANGULAR  SPACE. 


60"  (seconds)  =  i'  (minute) 
60'  =1*  (degree) 

30°  =  I  sign. 

4S°  =  I  octant. 

The  earth  moves  through  360' 
I  hour,  and  i''  =  4  minutes. 


60" 

= 

I  sextant. 

90^ 
360- 

^ 

/i  quadrant. 
\  I  right  angle 
A  circle. 

'  in 

24 

hours, 

therefore  15*  = 
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TIME  IN  WHICH  ANY  SUM  DOUBLES  ITSELF, 

AT  RATES  OF  INTEREST  BOTH  SIMPLE 

AND  COMPOUND. 


Years  in  which  the  sum 

Years  in  which  the  sum 

Rate  of 

is  doubled,  at 

Rate  of 

is  doubled,  at 

Interest 

1 

Interest 

per  cent. 

Simple 

Compound 

per  cent. 

Simple 

Compound 

Interest. 

Interest. 

Interest. 

Interest. 

I 

loo 

69-6603 
350028 
38'070i 

S 

30 

14-2067 

2 

50 

6 

I6i 

11-8957 

3i 

40 

7 

141 

10-2448 

3 

n 

23-4498 

8 

9*00646 

3h 

20-1488 

9 

II* 

8-04323 

4 

25 

17-67303 

10 

10 

1-& 

4i 

22| 

1 5  7473 

II 

9^ 

.. 

H 

6-1 1626 

FRENCH  WEIGHTS  AND  MEASURES- 
DECIMAL  SYSTEM. 


IVei^h/s. 

French. 

English. 

Milligramme  ^jirW  ^^  'o^^  gramme  = 

0-01543 

grains. 

Centigramme  =  ^J^j  or -oi          ,,       = 

o'i543 

»» 

Decigramme  =    ^    or  -i            „       = 

I '5432 

*f 

» 5 '432349 

ti 

0*643 

dwt. 

Gramme          -         i                   ^       =-) 

0-03215 

oz.  troy. 

0-03527 

oz.  avoir. 

0*0022 

lb. 

[          0*0000197  cwt. 

r    154-32 

grains. 

Decagrammes       10            grammes  = 

0-3527 

oz.  avoir. 

0*022 

lb. 

f  1.543-23 

grains. 

Hectogramme-    100                    1,       = 

3-527 

oz.  avoir. 

0*22046 

lb.       „ 

52fi 
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Fretidi* 


Kilogramme      =     r,d6o     gfaTrtmes   =  I 


Myriagramme   =    lOjOoo 

Quintal 

MUlier  or  bar  ^  1,000,000 


_f 


15»433'349 
33'>S 
3S'2739 
2 '2046 
2 '679 
o"oi968 
o  "00098 
2fl'046 
01 968 
[  o  00984 

=     220*46  lbs*  or   I  cwt,  3  qrs. 

24J  lbs. 
~  2,204'62  lbs,  or  19  cwt.  2  qrs. 
2oj  lbs. 
The  Gramme  Is   the  unit  of  measures  of  weight,  and  Is  the 
weig'ht  of  a  cubic  centimetre  of  distilled  water  at  its  maximum 
density  (39''  Fahr.)  in  vac  no  ^  at  sea-level  in  the  latitude  of  Paris, 
barometer  39*922  inches. . 


£n)*lish. 

g^rains. 
Dz.  troy. 

,,    avoir 
lbs. 

.,   troy- 
cwt, 
ton, 

lbs.  avoir. 
cwt. 
ton. 


100,000  grmSi 


Grain      , 

Dwt.       . 
Dram      . 

English. 

' 

=2 

0064799 

i"55S 
1771S46 

French. 

grammes. 

Ounce,  troy 
Ounce,  avoij 

dupois 

^ 

311035 

28-3496 

It 

ir 

Pound 

M 

' 

^{ 

453-59 
o'454 

J  t 
kjlogrammc. 

Pound,  troy 
Cwt. 

*                 » 

=  f 

373226 
0-373226 
50-8 

grammes, 
kilogrammes. 

Ton 

1  ' 

016*05 
1^01605 

tonnes. 

r  tonne  5< 

:'984, 

- 

Lineal  i 

ir  Lofi^ 

'  M&isure* 

Millimetre 

French. 

or 

■001 

m^tre 

English, 
f        0-03937  inch, 
=  J         0-00328  foot. 
[        o'O0i09yard. 

i 
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French, 

English. 

' 

f 

o'3937 

inch. 

Centimetre 

=  Tvv  ^^  '^^  metre 

■{ 

0-0328 
0*0109 
3'937i 

foot, 
yard. 

inches. 

Decimetre 

=    xV  or  *i 

={ 

0*3281 

0*1093 

3937079 

foot, 
yard, 
inches. 

Metre 

I 

«■ 

3*2808992     feet. 
I -093633056  yards. 

^ 

0*00062 

mile. 

.. 

3937079 

inches. 

Decametre 

=              lo  metres 

33-809 
10-936 

feet, 
yards. 

0-0062 

mile. 

f 

3»937'o79 

inches. 

Hectometre 

lOO        ,, 

■. 

328*09 
109*36 
0*06214 

feet. 

yards. 

mile. 

' 

39*37079 

inches. 

Kilometre 

-            IjOOC)           ,, 

3,280-9 

feet. 

^i 

1,093-63 

yards. 

0-62138 

mile. 

C393.7C7'9 

inches. 

Myriametre 

-     10,000     „ 

1 

32,809*0 
10,936*3 

feet. 
yards. 

6-21382 

miles. 

Ligne  or  line 

. 

r= 

0-088819 

inch. 

Pouce  or  inch 

~  12  lines 

r= 

1-06583 

inches. 

Pied  or  foot    « 

a  12  pouces 

= 

12*78996 

If 

Toise^^'G  French  feet 

= 

76-74 

,» 

The   Metre 

i  is  the  unit  of  lineal  measure,  and   is 

the  ten- 

millionth  part 

of  90"  of  the  meridian. 

English. 

French. 

/ 

25 '39954    millimetres. 

Inch 

. 

=  . 

2*54         centimetres, 
0*254       decimetre. 
0*0254      metre. 

Foot 

. 

^ 

0*3048          „ 

NEWBIOGING'S   HANDBOOK   FOR 


long 


English. 


=  { 
=  { 


French, 

0-9144 

m&tre. 

1-8287 

metres. 

5-0291 

»i 

20-116 

n 

201-16 

»» 

0*20116 

kilomkre. 

i»<x>9-3is 

mfetres. 

1-609315  kilomkres. 


Square  Measure, 


French. 


Milliare 


Centiare 
or  sq. 
m^tre. 


/Tznnr  or  *ooi  are^ 
lor  sq.  d^cam&tre/ 


frirF  o**  'oi  sq. 
I    d^camfetre 


English. 
[     155-00 

1-0764 
[         0*1196 

10764 
i'i96o33292 

0*03954 
o  "00099 
0*00025 


sq. 


m. 

feet 

yard. 

in. 

feet. 

yard. 

perch. 

rood. 

acre. 


D^ciare 


^       (iVor    I  sq.  I 
I  d^cam^tre   ^ 


Are  or    sq.\ 
d^cam^tre 


Dicare 


j-  =    1  sq.  d^cam&tre 


j-10  ares  or  sq.i 
\  d^cam^tres   J 
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Hectare 


French.  English. 

1ii,96o'3  sq.  yards. 

395*4  »i  perches. 

9*89  ,,  roods. 

2*4712      ,,  acres. 
The  are,  which  is  a  square  d^cam^trei  is  the  unit  of  square 
measure. 


Square  inch 

Square  foot 
Square  yard 
Square  perch 
Square  rood 
Square  acre 
Square  mile 


English 


French 

645'I37    sq, 
0*000645 
0*0929 
0*8361 
25-292 
i»oii*7 
4,046-7 
2 '59 


millimetres, 
m^tre. 


metres. 


kilometres. 


Solid  Measure* 


MillistSre 
Centist^re 


^  /TTrVff  or  'ooi  st^re^  ^  r 
l    or  cubic  m^tre    J      \ 

I    or  cubic  metre    /  ~  \ 


D^cistere 

Stere  or  I 

cubic  j 

metre.  J 


or      '  I     st^re 
or  cubic  m^tre 


French.  English. 

61  -028        cubic  inches 

o '035317  1.  foot. 

610*28  ,,  inches. 

0*35317  M  foot. 

(6,i02'8  „  inches. 

3 '53 1 7  M  feet. 

o'i3o8  „  yard. 

["61,028-0  ,,  inches. 

I         35  "3 1 7  ..  feet. 

L           1*308  ,,  yards. 

353'i7  ..•  feet. 

13*0802  ,,  yards. 

^   r  3»S3i'7  M  feet. 

""   I      130*802  „  yard"- 

^  /35»3i7'o  >»  ^ 

\  1,308*02  „ 

Myriast^re  =  10,000          ,,                    ==      13,080*224  „ 
The  Stere,  which  is  a  cubic  metre,  is  the  unit  of  solid  UK 


=  {'• 


}- 

or   cubic  | 
Decastere    -  10  steres  or  cubic  metres  -  \ 


stere 
metre 


Hectostere  = 
Kilostere    = 


100 


1,000 


5S6 
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Cubic  inch 


foot   . 

,ubic  feet 

ard  , 


English, 

-{ 


French* 

0*000016386  st^re  or  cubic  m^rCr 

16,386*0  cubic  miltimibtres* 

0*028315        st&re  or  cubic  m^tre. 

283 1 5  stores  or  cubic  metres. 

0*76*^5131      st^re  or  cubic  m^tre* 


Dfy  and  Fluid  Measure  (Capacity). 


Millilitre 

Centilitre 

Dteilitre 


Litre  or 

cubic  d^- 
cimetre  , 


Di^calitre     = 


Hectolitre   — 


KiloHtre       = 


Msrrtalitre    = 

The  Litre, 
of  capacity* 


=  fi'. 


French. 

\  or  cubic  d^im^tre 
/ijff  or  '01  litre  or 
Icubic  d^cimttre  . 
litre 


i-{ 


or 


Icubic  d^cim^tre 


or 


I J    litre  or 
Iddcimitre 


cubic  f 


/lo  litres  or  cubic 
Iddcimitres 


;)- 


<ioolitresor  cubic  j^ 
d^cim^tres  J 


6M02S 

0'032 

6 1 '028 
0-0353 


0*0610    cubic  inch, 
o'ooo22   imperial  busheh 
o'6io28  cubic  inch, 
o'oo2s     imperial  bu^hf^L 
cubic  inches, 
itnperial  busheL 

cubic  inches. 
,,     Toot. 
I  ■76172  imperial  pints. 
o'2202i5       „        gallon, 
1,        bushel, 
cubic  inches, 

,,    foot, 
imperial  gallons. 
fi         bushel. 

cubic  inches, 
„     feet. 


imperial  gallons. 

bushels. 


riooo    litres       or) 
(cubic  d^cim^tresJ 


i 


22  "O 

2751  ,1 

35'3i7i  cubic  feet* 


220 '02 

27-512 

2,202-15 
275121 

which  is  a  cubic  dikiim^tre,  ts  the  unit  of  measures 


no, 000   litres    or\ 
\cubic  di^ctm^tres  / 


Imperial  g-allons. 
M       bushels. 

,j   cubic  feet. 

imperial  gallons. 

,,       busheU. 
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English. 

French. 

Cubic  inch 

=            0-016386  litre. 

Cubic  foot 

«=           28*315        litres. 

liXK)  cubic  feet  . 

=    28,3150 

Imperial  pint 

=             0-5676      litre. 

Imperial  gallon 

4-541        litres. 

Imperial  bushel 

36-328 

MONEY  TABLES. 

Fmnce, 

Name. 

Centime  .....  = 

Franc         =  100  centimes         .  = 

Sou  =     5      M  .  ^ 

Napoleon   =    20  francs     .  - 


English  Value. 

9ici. 
IS  or  '475d. 
15s.  lod. 


Accounts  are  kept  in  francs  and  centimes.  For  convenience  in 
reckoning,  a  sou  may  be  taken  as  equal  to  ^d.,  a  franc  as  lod., 
and  25  francs  as  20S. 


Belgium, 

The  Belgian  currency  is  in  centimes  and  francs,  having  the 
same  English  money  value  as  those  of  France. 


To  convert  centimes  per  cubic  metre  into  pence  per  looo  cubic /eet^ 

and  vice  vers&. 

Centimes  per  cubic  metre  x  2*7  =  pence  per  1000  cubic  feet. 
Pence  per  1000  cubic  feet  x    -37— centimes  per  cubic  metre. 


To  convert  centimes  per  litre  into  pence  per  1000  cubic  feet^ 
and  vice  versd. 

Centimes  per  litre  x  2700  =  pence  per  1000  cubic  feet. 
Pence  per  1000  cubic  feet  x  '00037  =  centimes  per  litre* 
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UNITED  STATES  OF  AMERICA. 

Name.  English  Value. 

Cent -         Jd. 

Dollar »  loo  cents »     4s.  2d. 

4I,  or  4*8  dollars,  or  4  dollars  80  cents  »        £1 

Dollars  x  '2084 =        £1 

To  convert  dollars  and  cents  per  1000  cubic  feet  into  pence  per 
1000  cubic  feet ^  and  vice  vers&. 

dollars  and  cents  per  1000  cubic  feet  x  50  —  pence  per   1000 
c  feet. 

t'ence  per   1000  cubic  feet  x '02 » dollars  and  cents  per  1000 
ubic  feet. 
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TABLE. 
Foreign  and  Colonial  Equivalents  of  English  Jtfoney, 
{Actual  or  Approximate.) 


Country. 

Pound  Sterling, 

Shilling, 

Penny, 

Equal  to,— 

Equal  to, — 

Equal  to, — 

Argentine  Republic 

10  Pataoon  or  Dollars 

50   Centimos 

4    Centimos. 

Austria  . 

lo^  Florins  . 

i    \  Florin,  or  50' 
\          Kreutzers  ., 

4    Kreutzers. 

Rf  Igium . 
Bolivia   . 

25    Francs  . 

i^  Francs  . 

10    Centimes. 

7    Dollars. 

36    Centena^ 

3    Centenas. 

Brazil     . 

10    Milreis  . 

/    \  Milreis  or  500' 
\        Reis     . 

40   Reis. 

Canada  . 

4t  Dollars. 

25    Cents     . 

2    Cents. 

Chili 

54  Pesos     .        . 

25    CenUvos 

2    CenUvos. 

China      .         .         \ 

S    Dollars,  or  i\\ 
TaeU.  or  35  \ 
Mace.         ) 

25    Cents,   or    ij 
Mace  . 

2    CenU,    or     i^ 
Candareen. 

Columbia 

S    Pesos     . 

25    Centavos 

2    CenUvos. 

Denmark 

20    Krona    . 

I    Krona    . 

81  Ore. 

Ecuador 

5    Pesos     . 

35    CenUvos 

2    CenUvos. 

Egypt     . 

100    Piastres 

5    Piastres 

(   \  Piastre,  or   20 
\            Paras. 

FinUnd  . 

25    Marks   . 

li  Marks    . 

1  10    Penni. 

France    . 

25    Francs  . 

ij  Francs  . 

1  10   Centimes. 

German  Emfnre 

20    Marks   . 

f  I     Mark  or  ioo\ 
\         Pfennig        / 

8i  Pfennig. 

Greece    . 

25    Drachmx 

I J  Drachmae 

.  10    Lepta. 

Holland 

12    Florins  . 

60    Cents     . 

5    Cents. 

Hungary 

lol  Florins  . 

/    1  Florin,  or  50' 
\          Kreutzers     j 

4    Kreutzers. 

India     . 

10    Rupees  and  4  \ 
Annas.        / 

9    Annas    . 

8    Pies. 

Italy       ..         . 

25    Lira      . 

i\  Lira 

10    Centesimi. 

apan      . 

S    Yen       . 

25    Sen 

2    Sen. 

ava 

12    Florins  . 

60    Cents     . 

S    Cents. 

^falU     . 

12    Scudi     . 

7    Tari,  4  Grani 

12    Grani. 

Mexico  . 

S    PesosorsDols. 

25    CenUvos 

2    CenUvos. 

Norway  . 

20   Krona    . 

1    Krona   . 

8iOre. 

Paracuay 

64  DoUars  . 

36    Centena 

3    Centena. 

PerS     .         .         . 

2I  Toman  . 

12    Shahis  . 

I    Shahi. 

Peru 

S   Sol 

2i  Dineros . 

2    Centos. 

Portt^ 

5    MUiets  . 

2}  Testoes , 

20    Reis. 

Russia    . 

6i  Silver  Roubles 

4^   Copecks 

4    Copecks. 

Spain 

26    Pesetas. 

1^  Pesetas . 

to   Centimos. 

Sweden  . 

20    Krona  . 

I    Krona   . 

81  Ore. 

Switzerland    . 

25    Francs  . 

li  Francs  . 

10   Centimes. 

Tunis     . 

40   Piastres 

2    Piastres 

... 

Turkey  . 

120   Piastres 

6   Piastres 

r   i  Piastre,  or  20 
Paras. 

United  States 

4f  Dollars . 

25    Genu    . 

2    Cents. 

Uruco^y 

5    PewM     . 

25    CenUvos 

2    CenUvos. 

Venesnek 

5    Pesos     . 

25    CenUvos 

2    CenUvos. 
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Abrupt  angles  in  pipes  and  fittings  to  be  avoided,  274. 
Absorption  of  the  hydrocarbons  by  india-rubber  tubing,  317. 
'*  Acme  "  regulating  burner,  316, 
Act,  1871,  Gas-Works  Clauses,  325,  351. 

on  testing  for  purity,  324. 

on  testing  for  illuminating  power,  350. 
Act,  1S59,  Sales  of  Gas,  290,  295  to  297. 

provisions  as  to  stamping  meters,  290. 
Advantages  of  using  an  exhauster,  103. 

a  station  governor,  221. 
Aerorthometer,  A.  V.  Harcourt's,  354. 
Air  and  gas,  loss  of  light  by  mixing,  369. 

permanent  gases  expanded  by  heat,  92. 

water,  as  cooling  agents,  compared,  98. 
Airey's  table  showing  the  dilatation  of  gas  in  contact  with  water,  310. 
Aitken  and  Young's  analyzer,  100. 
Algebraical  and  arithmetical  signs,  505,  506. 
Allen's  exhauster,  104. 
Alloys  of  metals,  490. 
Ammonia,  affinity  for  water,  109,  iii,  426. 

carbonate  of,  429. 

caustic,  purification  by,  134. 

impurity  in  coal  gas,  123,  124. 

liquid,  433. 

muriate  of, -or  sal  ammoniac,  409,  434. 

sulphate  of,  408  to  413,  420  to  422,  437. 

test  for,  324,  328,  33$. 

yield  of,  per  ton  of  coal,  411. 
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Ammoniacal  liquor,  408  to  414. 

Beaum6*s  hydrometer  compared  with  specific  gravity,  414 
to  416. 

quantity  of,  obtsuned  to  outlet  of  scrubbers,  408. 

result  of  application  of,  to  land,  425. 

specific  gravity  and  weight  of,  412,  413. 

strength  of,  411. 

testing  by  saturation,  413. 

to  convert  Twaddel  into  specific  gravity,  412. 

TwaddePs  hydrometer,  411  to  413. 

Wills*s  method  of  testing,  414. 
Analyses  of  coals  and  cannels,  12  to  i8« 

furnace  gases,  61  to  64. 

the  ash  of  a  good  Newcastle  coal,  14. 
Analyzer,  Aitken  and  Young's,  100. 
Anderson's  combined  washer  and  scrubber,  119. 

exhauster,  105. 

washer,  109. 
Angle  of  repose  of  earths  with  horizontal  line,  165. 
Angles  in  mains,  services,  and  internal  fittings,  274. 
Angular  and  circular  space,  520. 
Annular  atmospherical  condenser,  95. 

Kirkham  and  Wright's,  95. 

Warner's,  96. 
Annular  or  ring  tanks,  160,  165,  192, 
Anthracite  or  glance  coat,  12. 

weight  per  cubic  yard,  29. 
Apparatus  for  coal  testing,  22  to  26. 

required  for  testing  meters,  295. 

illuminating  power  testing,  350. 
Approximate  multipliers  for  facilitating  calculations,  506,  507. 
Arches,  elliptical  and  segmental,  39. 

Architectural  and  mechanical  drawing,  colours  used  in,  501. 
Area  of  coal  measures  in  the  United  Kingdom,  11. 
Area  required  for  atmospherical  condensation,  97. 

for  purifiers,  142. 
Areas,  &c.,  table  of,  508  to  514. 
Argand,  Sugg*s,  London,  342,  343. 
Arithmetical  and  algebraical  signs,  505,  506. 
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Arnold  on  the  application  of  sulphate  of  ammonia  ig  agriculture, 

420  to  422. 
Arrol-Foulis  charging  and  drawing  machines,  60. 
Arson  (M.)  on  masonry  tank  walls,  172. 
Ascension  or  stand  pipes,  73,  74. 

choking  of,  73. 
Ash  in  coal  and  coke,  12  to  14,  17,  iS. 
Ashes  in  mortar,  481,  482. 
Ashpan,  furnace,  68,  70. 
Atmospherical  condensation,  93. 

annular  condensers,  95. 

area  required  for,  97. 

atmospherical  and  water  condensers  combined,  98. 

Graham's  condenser,  94. 

horizontal  condensers,  93,  94. 
Auction  clauses,  the,  461  to  463. 
Aurum  mosaicum,  or  gold  bronze  powder,  320. 
Authorized  gas-fitters,  313. 
Automatic  pressure  changer,  Cowan's,  224, 

Braddock's,  223,  224. 
Average  meter  system  for  public  lighting,  286. 
Average  yield  of  bituminous  coal,  29. 
Axioms  worth  remembering,  271. 

Balance  and  weights,  experimental,  351. 

Ball  and  socket  joint  for  main  pipes,  232. 

Bar,  graduated  photometer,  350,  351. 

Bars,  grate  or  fire,  and  bearing,  70. 

Barker's  mill  for  distributing  water  in  scrubbers,  113. 

Barometer  and  thermometer  used  in  testing  illuminating  power,  35 1 . 

Battery  or  tubular  condenser,  96. 

Beale's  exhauster,  103. 

Beaum^'s  hydrometer,  414  to  416, 

Beckton  system  of  purification,  130. 

Bench,  single  and  double  retort,  32,  33. 

clear  space  in  front  of,  34. 

flues  and  draught,  39  to  42. 
Biggs,   Wall,    &   Co.'s    *' Rapid"    manual   and  power   charging 
apparatus,  60. 


NEWBIGGING'S   HANDBOOK   FOR 


Binney's  observations  on  coal,  15. 

Birmingham  wire  gauge,  thickness  of  the,  484. 

Birmingham  gauge,  484,  485. 

Bisulphide  of  carbon,  purification  from,  126,  12910  131. 

tpst  for,  338,  341. 
Bituminous  coal,  i2. 

average  yield  of,  27,  28. 

weight  per  cubic  yard,  29. 
Blue  or  Bengal  fire,  385. 
Boghead  cannel,  22. 
Boiler  and  engine,  steam,  106  to  loS. 
Bolts  and  nuts,  233,  487. 
Bond  in  brickwork,  474. 

Books  required  in  keeping  a  gas  company's  accounts,  494  to  497. 
Borders,  illuminated,  384. 

Bored  and  turned  joints  for  main  pipes,  9,  228,  229,  231. 
Borradaile*s  regulator  for  street  lamps,  285,  286. 
Botley's  carburetting  arrangement,  91. 
Box*s  table  of  the  mean  temperature  of  every  tenth  day,  93. 
Brackets  and  chandeliers,  height  of,  313. 
Braddock's  automatic  pressure  changer,  224. 

public  lamp  column,  282,  283, 

station  governors,  221,  223. 
Brass  or  iron,  mixture  for  tinning,  319, 
Brass  tube,  plain,  spiral  and  fluted,  weight  per  foot,  318. 
Brass  work  for  lacquering^  to  clean,  323. 
'*  Brasses  "  in  coat,  16,   19,20. 
Bray's  street  lamps  and  burners,  9,  284. 

burners  for  internal  lighting,  315. 

ventilating  globe  lights,  314. 
Brazilian  shales  or  "Turba,"  22. 
Brazing,  319. 
Breeze  and  coke,  403  to  405. 

weight  per  cubic  yard,  29. 
Bremond  on  naphthalene.  90. 
Bricks  and  brickwork,  443,  473  to  480. 

bond  in  brickwork,  474. 

number  of  bricks  in  walls  of  different  areas,  476  to  48a 

usual  dimensions  of  bricks,  473. 
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Brick  and  puddle  tanks^  170,  171,  176  to  185. 

Brick  retorts,  45. 

Brickwork  in  retort  settings,  47. 

Bridge  and  dip  pipes,  74,  75,  81. 

Brin's  oxygen  process  in  purification,  132. 

British  standard  unit  of  heat,  41,  450. 

Bronze,  319,  320. 

copper  bronze  powder,  320. 

gold  bronze  powder,  or  aurum  mosaicum,  320. 

green,  319. 

powders,  320. 

size  for  bronze  powders,  320. 
Brothers*  apparatus  for  testing  mains,  244. 
Brown  or  lignite  coal,  12. 
Brunswick  Stars,  383. 
Buckstaves  for  retort  bench,  67,  68. 
Bunsen  photometer,  the,  350,  351. 
Burner,  **  Needle"  governor,  316. 
Burners,  number  required  for  lighting  large  buildings,  315* 

objections  to  horizontal,  313. 

standard,  342,  343,  350. 
Bye-pass  mains  and  valves,  120. 

Caking  coal,  12. 

Calcining  spent  lime,  Hislop*s  process  for,  127. 

Calcium  sulphide,  purification  by,  129  to  131. 

Calorie  (French),  41,  450. 

Calorific  power  of  various  photogenic  compounds,  448. 

Candle,  standard  sperm,  351  to  354. 

balance  and  weights,  351. 

corrections  in  consumption  of,  353,  355. 
Cannel,  ix,  15,  18. 

and  coals,  analysis  of,  12  to  18. 

ash  in,  18. 

origin  of,  15. 

weight  of,  per  cubic  yard,  29. 
Capacity  of  gasholders,  202. 

of  coal  stores,  16,  19. 

of  tar  and  liquor  wells,  121,  123. 
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Capital  of  gas-works,  457  to  461. 
Carbon  in  coal,  12  to  14. 

in  retorts,  deposition  of,  64. 
Carbonic  acid,  test  for,  324,  326,  332. 

Sheard's  apparatus,  326  to  328. 
Carboniferous  series,  11. 
Carbonizing",  fuel  for,  65  to  67. 
Carburetted  water  gas,  379,  380. 
Carburetting  condensers,  100, 

methods  of,  91. 
Carcel  lamp,  the,  357. 
Cast,  wrought-lron,  and  steel  gasholder  tanks,  160,  166,  175,  i 

to  194. 
Casting  of  main  pipes,  226. 
Cast-iron  pipes,  226  to  234.  247  to  257, 

cost  of  laying,  247,  248. 

weight  and  cost  of,  per  yard,  249  to  257. 

weight  of  lead  for  jointing,  239. 
Cast-iron  retorts,  5,  42. 

duration  of,  42. 

Eraser's  ribbed,  42, 
Cathels's  washer,  no. 
Caustic  ammonia,  purification  by,  134. 
Caustic  soda  and  sulphide  of  sodium,  purification  by.  134. 
Cement  for  jointing  retort  mouthpieces,  72, 

for  steam  joints,  108. 

for  stopping  leaks  in  boilers,  io8. 

glue  to  resist  moisture,  323. 

iron  or  rust,  239. 

mastic  for  buildings,  482. 

mortar,  Portland,  170. 

or  luting  for  retort  lids,  72. 

Portland,  170,  228. 

Roman,  228. 
Centigrade  thermometer  compared  with  Fahrenheit  and  Reaumur, 

101,  102. 
Centre  and  other  change  valves,  146. 
Chains,  safe  load  on,  488. 

weight  of,  488. 
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Chandeliers  and  brackets,  height  of,  313. 

Change  valves,  146. 

Changer  I  Cowan's  automatic  pressure,  224. 

Braddock's  ,,  223,  224. 

Channel  condenser,  water,  97. 
Charging  shovels,  86,  87. 
Chemical  and  other  memoranda,  440  to  445. 

common  names  of  certain  chemical  substances,  444,  445. 

elementary  substances,  440. 

expansion  of  liquids  from  32  deg.  to  212  deg.  Fahr.,  453. 

expansion  of  metals,  on  a  rise  in  temperature,  453. 

luting,  for  experiments  in  chemistry,  446. 

melting  points  of  various  substances,  454. 

relative  power  of  metals  for  conducting  and  reflecting  heat, 

454- 

specific  gravity,  weight,  and  solubility  in  water,  of  various 

gases,  445. 
specific  heat  of  solids,  liquids,  vapours,  and  gases,  451  to 

453- 

substances,  simple  and  compound,  442,  443. 

water,  memoranda  relating  to,  451. 
Cherry  coal,  12. 
Chief  kinds  of  coal,  11,  12. 
Chimney  stalks  for  retort  houses,  41. 

rule  for  size  of,  41. 
Choking  of  ascension  pipes,  73. 
Circular  and  angular  space,  520. 
Circumferences,  &c.,  table  of,  508  to  514. 
Cistern  for  tar  and  liquor,  elevated,  122. 
Clapham's  hydraulic  valve,  147. 

washer-scrubber,  118. 
Classification  of  limestones,  148  to  150. 
Claus's  process  of  purification  by  ammonia  gas,  134. 
Clay,  fire,  474,  475. 

constituents  of,  475. 
Clay  puddle,  170. 
Clay  retorts,  5,  43  to  48. 

temperature  of  carbonization  in,  46. 

thickness  of,  43. 
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C\egg  (Samuel),  one  of  the  chief  pioneers  of  gas-lighting,  2,  3. 

Clegg's  continuous  stoking  machinery,  6,  59. 

Cleland  and  Kortin^'s  steam  jet  exhauster^  106. 

Cleland's  slow-speed  condenser,  96. 

Cloverport  cannel,  22, 

Coal,  10  to  31. 

analyses  of,  12  to  14,  17,  18. 

analysis  of  the  ash  of  a  good  Newcastle,  14. 

anthracite  or  glance,  12. 

ash  in,  12  to  14,  17,  18. 

bituminous^  12. 

"brasses*'  in,  16,  19,  20. 

brown  or  lignite,  12, 

caking,  12. 

CitrboM  in,  12  to  14. 

cherry,  1  a. 

chief  ingredients  of  which  it  is  composed,  12  to  14. 

chief  kinds  of,  11  to  14. 

coke,  production  of,  from,  12  to  14,  17,  18. 

Cumberland,  12, 

Derbyshire,  12,  13. 

deterioration  of,  by  exposure,  15,  16,  20,  21. 

gases  occluded  in,  20,  21. 

geological  position  of,  10,  11. 

glance  or  anthracite,  12. 

Gloucestershire,  12,  13, 

hydrogen  in,  12  to  14. 

in  hot  climates,  deterioration  of,  ig. 

iron  pyrites  in,  16,  19. 

Lancashire,  13,  13. 

lignite  or  brown,  12. 

measures,  area  of,  in  the  United  Kingdom,  ii. 

nitrogen  in,  12  to  14. 

Newcastle,  12. 

oxygen  in,  12  to  14. 

parrot  or  cannel,  n. 

production  of  coke  from,  iz  to  14,  17,  18. 

products,  426  to  439. 

Scotch,  12,  13. 
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Coal — continued. 

sheds,  1 6. 

Somersetshire,  12. 

specific  gravity  of,  12  to  14,  17,  18. 

splint,  12. 

Staffordshire,  12. 

storage,  16. 

sulphur  in,  12  to  14,  17,  18. 

testing,  22  to  26. 

value  of,  in  pounds  of  sperm,  29,  30. 

volatile  matter  in,  12  to  14. 

Welsh,  12,  14. 

Wigan,  13,  17,  18. 

yield  of  sulphate  of  ammonia  per  ton,  411. 

Yorkshire,  12,  17,  18. 
Coating  and  painting  of  gasholders,  199. 

of  main  pipes,  233. 
Cockey's  apparatus  for  raising  purifier  lids,  144. 

washer-scrubber,  120. 
Coefficients  :  Cost  of  gas-works,  465  to  472. 
Coke  and  breeze,  403  to  405. 

breaking  hammer,  403,  404. 

breaking  machinery,  404,  405. 

slaking  or  quenching  of,  65. 

sulphur  in,  16. 

weight  per  cubic  yard,  29. 
Coloured  fires  for  illuminations,  384  to  386. 

blue  or  Bengal,  385. 

crimson,  385. 

green,  385. 

lilac,  384. 

mixing  the  ingredients  for,  386, 

purple,  384. 

red,  385. 

white  Indian,  386. 

yellow,  384. 
Colours  of  high  temperatures,  46. 

used  in  mechanical  and  architectural  drawing,  501. 
Colson  on  the  bye-products  from  a  ton  of  tar,  407. 
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Columns,  height  of  lamp,  282- 

Combined  atmospherical  and  water  condenser,  98. 

Combustion,  temperature,  explosive  power,  and  mechanical  power 

of  gases,  449. 
Commercial  and  structural  value,  464. 
Common  names  of  certain  chemical  substances,  444,  445. 
Comparison  of  Fahrenheit's,  Rdaumur's,  and  the  Centigrade  ther- 
mometers, loi,  102. 
Compensating  meters,  290  to  292. 

Hunt's,  292. 

Sanders  and  Donovan's,  291. 

Urquhart's  '*  Reliance,"  292. 

Warner  and  Cowan'sj  291. 
Composite  tanks,  185. 

Composition  of  gas  lime  and  its  use  in  agriculture,  424,  425. 
Composition  pipes,  317, 
Concrete  and  mortar,  481,  482. 
Concrete  tanks,  174,  1S6. 
Condensable  hydrocarbons,  89  to  91. 
Condensation,  88  to  102. 

expansion  of  air  and  permanent  gases  by  heat,  92. 

extent  of,  88. 

loss  of  illuminating  property  in  coal  gas  on  exposure  to  the 
temperature  of  freezing  point,  8g. 

mean  temperature  of  every  tenth  day  in  the  year,  93. 

naphthalene,  formation  of,  89  to  91. 

rapid  or  sudden  as  well  as  excessive,  89. 

relative  effects  of  water  and  air  as  cooling  agents,  97. 

rule  for  calculating  the  area  required  for  atmospherical  con- 
densation, 97. 

temperature  as  affecting  registration,  91. 
Condensers,  93  to  loo. 

Aitken  and  Young's  analyzer,  100. 

annular  atmospherical,  95. 

area  required  for,  rule  for  calculating,  97. 

battery  or  tubular,  96,  97. 

bye-pass  mains  and  valves  for,  120. 

carburelting,  100. 

Cleland's  slow-speed,  96. 
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Condensers — continued, 

combined  atmospherical  and  water,  98. 

dry  scrubbers  as  condensers,  98. 

Graham's  horizontal,  94. 

horizontal  atmospherical,  93,  94. 

Kirkhamand  Wright's  annular,  95. 

Pelouze  and  Audouin,  99. 

precipitating  chambers,  99. 

St.  John  and  Rockwell  apparatus,  100. 

tubular  or  battery,  96,  97. 

underground,  98. 

vertical  atmospherical,  95. 

Warner's  annular,  96. 

water  channel,  97. 
Conducting  heat,  relative  power  of  metals  for,  453. 
Connecting  pipes  for  puriBers,  X47. 
Consumers'  gas  meter,  289  to  294. 

apparatus  required  for  testing,  295. 

compensating,  290  to  292. 

dilatation  of  gas  in  contact  with  water,  310. 

dry  meter,  description  of  the,  289. 

effect  of  overdriving  the  meter  wheel,  292. 

Greenall  and  Heaton's  "Positive,"  293. 

Hunt's  meter,  292. 

inspection  of,  292. 

percentage  tables  for  testing,  297  to  310. 

prepayment,  10,  294. 

protection  of,  from  frost,  293. 

provisions  of  Sales  of  Gas  Act,  1859,  as  to  stamping,  290. 

Sanders  and  Donovan's,  291. 

sizes  of  meters  desirable  to  be  used,  292. 

testing,  290,  295. 

Urquhart's  "  Reliance,"  292. 

Warner  and  Cowan's,  291. 

wet  meter,  description  of  the,  289. 
Consumption  and  pressure,  225. 
Consumption  of  gas   by  one  burner  per  month  and  for  twelve 

months,  287. 
Contraction  of  cast-iron  pipes  in  cooling,  230. 
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Cooking',  use  of  gas  for,  lo,  401. 
Copper  bronze  powder,  320. 

Corrections  for  temperature,  pressure,  and  moisture,  344,  345,  372 
to  374. 

in  consumption  of  gas  and  standard  candle,  ^^2* 
Cost  of  gas-works,  465  to  472. 
Counterbalancing  of  gasholders,  194, 
Cowan's  automatic  changer,  224. 

governor,  222,  224. 

ventilating  globe  lights,  314. 
Coze's  system  of  inclined  retorts,  5,  32,  57,  58. 
Crimson  coloured  fire,  ^S^. 

Crosley  (Samuel),  a  pioneer  of  gas-lighting,  2. 
Crosley*s  pressure  and  exhaust  registers,  158. 
Crossley  Brothers*  **  Otto  "  gas-engine,  10. 
Cubic  foot  measure,  Referees'  one-twelfth,  347  to  350. 
Cumberland  coal,  12. 
Cutler's  hydraulic  valves,  147. 
Cyanogen  recovery,  416  to  420. 

C -shaped  retorts,  43,  45. 

Dalton  and  Ure's  table  of  aqueous  vapour  in  gas,  373. 

Damp  or  wet  coals,  result  of  using,  16,  19. 

Damper  to  control  draught,  40. 

Davy  lamp,  principle  of,  85. 

Day  and  night,  rule  to  find  the  length  of,  289. 

De  Brouwer  charging  machine,  61. 

Decigallon  and  septem,  515,  516. 

Decimal  and  fractional  parts,  504. 

Decimal  system  of  weights  and  measures,  521  10527, 

Dempster's  exhauster,  105. 

Denayrouze  burners  for  street  lighting,  285. 

Density  of  various  gases,  377. 

Deposition  of  carbon  Jn  retorts,  64. 

Derbyshire  coals,  12,  13. 

Deterioration  of  coal  by  exposure  to  weather,  15,  16. 

in  hot  climates,  19. 
Devices  for  public  illuminations,  380  to  400, 

coloured  fires,  384  to  386. 


GAS  ENQINESRS  AND  MANAaSRS.  543 

Devices  for  public  illuminations — continued, 

illuminated  borders,  384. 

prices  of,  383. 
Devonian  rocks,  xi. 
Diameters,  &c.,  table  of,  50S  to  5x4. 
Dibdin*s  lo-candle  pentane  Argand,  36X  to  363. 
Differential  or  district  governors,  235. 
Dilatation  of  gas  in  contact  with  water,  310, 
Dimensions  of  the  principal  materials  in  gasholders   in  actual 

working,  303  to  321. 
Dip  in  the  hydraulic  main,  8x. 
Dip-pipes,  75,  81.  • 

Dip- well  for  sealing  pipes,  121. 
Disc  for  testing  illuminating  power,  352. 
Discount  for  early  payment  of  gas  bills,  497. 
Distance  apart  of  public  lamps,  283. 
District  or  differential  governors,  325. 
Donkin's  exhauster,  96. 
Double  retort  benches,  33. 

Douglas's  instructions  for  preparing  concrete,  169. 
Draught  and  flues,  39  to  43. 
Drawing  papers,  sizes  of,  501. 
Drip  or  syphon  wells,  238. 
Drory's  main  thermometer,  100. 

Drum  or  measuring  wheel  of  meter,  X55  to  157,  389  to  394. 
Dry  meter,  description  of  the,  289,  290. 
Dry  or  stand-pipe  wells  for  gasholder  tanks,  171. 
Dry  scrubbers  as  condensers,  98. 
Drying  gas,  effect  of,  90,  91, 
Dulong  on  the  burning  of  hydrogen,  carbon,  and  carbonic  oxide, 

4X. 
Duration  of  retorts,  43  to  46. 
Durham  coal,  13. 
Dvorkovitz  system  of  coal  gas  enrichment,  379. 

Earths,  natural  slope  of,  165. 

and  rocks,  weight  of  various,  165. 
"  Eclipse"  washer-scrubber,  116,  118, 
Effect  of  overdriving  a  meter  wheel,  392. 
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Effect  of  small  and  bad  pipes  and  fittings,  274,  310. 

Electrolysis  of  mains  and  service  pipes,  244, 

Elementary  substances,  table  of,  440. 

Elevated  tar  and  liquor  cistern,  122. 

Elevating  apparatus  for  purifying  material,  137,  138, 

Elliptical  and  segmental  arcbes,  39. 

Engine  and  boiler,  steam,  106  to  loS. 

gas,  10,  401,  402. 
Enrichment  of  coal  gas,  37S  to  380. 

carburetted  water  gas,  379. 

Dvorkovitz  system,  379. 

Maxim  system,  378. 

Peebles  process,  378. 

Whessoe-Munich  method,  379. 
Epitome  of  mensuration,  503  to  504. 
Equivalents  of  English  money,  foreign  and  colonial,  529. 
Evans's  calorific  power  of  various  photogenic  compounds,  448, 

enclosed  photometer,  448. 
Evaporation  from  water-slide  pendants,  to  prevent,  313, 
Evils  attending  the  use  of  small  pipes,  &c.,  274,  310. 
Examples  of  construction  of  gasholders,  203  to  221. 

of  gasholder  tanks,  176  to  194. 
Excavations  for  gasholder  tanks,  160  to  165. 
Exhausters,  103  to  io6> 

advantages  of  using,  103. 

Allen's,  104, 

Anderson's,  105. 

Beale's,  103. 

bye-pass  mains  and  valves  for,  120. 

Cleland  and  Korting's  steam  jet,  106. 

Dempster's,  105. 

Donkin's,  104. 

governor  for,  106. 

Gwynne's,  104. 

rotatory  and  reciprocating,  103  to  106. 

Waller's,  104. 
Expansion  joints  for  main  pipes,  231,  232. 

of  air  and  permanent  gases  by  heat,  92. 

of  liquids  in  volume  from  32  deg.  to  212  deg.  Fahr.,  453. 
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Expansion — continued, 

of  metaisy  453. 
Experimental  governor,  351. 

meter,  351. 
Explosions  in  main  pipes,  241  to  243. 

Fahrenheit  thermometer  compared  with  Reaumur's  and  the  Centi- 

g-rade,  loi,  102. 
Faija  on  Portland  cement,  170. 
Farmer's  rule,  relation  between  production  per  ton  and  illuminating* 

power,  31. 
Fiddes*s  analyses  of  coals,  14. 

proposed  light  standard,  359. 
Fire-clay,  474,  475. 

constituents  of  the  chief  English  and  foreign,  475. 

retorts,  5,  42  to  48. 
Fire  or  grate  bars,  69,  70. 
Fires,  coloured,  for  illuminations,  38^  to  386. 
Fittings,  internal,  310  to  323, 

service,  272  to  281. 
Flange  joints  for  main  pipes,  230,  232,  233. 
Fletcher  (Thomas),  application  of  gas  to  industrial  uses,  10. 
Floor,  retort  house,  35. 

ground,  33. 

stage.  33. 
Flues  and  draught,  39  to  42. 
Fluxes  for  soldering,  319. 
Force  and  velocity  of  the  wind,  490. 
Ford's  washer,  120. 
Foreign   and  other  (proposed)  home  standards  of  light,  357  to 

365- 
Foreign  equivalents  of  English  money,  529. 
Forms,  497  to  500. 

authority  to  pay  dividends,  499. 

certificate  showing  that  income-tax  has  been  deducted,  499. 

declaration  for  loss  of  sealed  share  certificates,  498. 

indemnity  for  loss  of  share  certificates  or  dividend  warrant, 

499- 
of  proxy,  500. 
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Forms — continued. 

renouncement  of  proposed  new  issue  on  the  transfer  of  old 
shares,  497. 

renunciation  of  shares  newly  allotted,  497. 
Foulis's  stoking  machinery,  5,  60. 
Fractional  parts  and  equivalent  decimals,  504. 
Frankland  (Professor)  on  the  volumes  of  various  gases  absorbed 
by  100  volumes  of  water,   120. 

on  variations  in  inuminating"  power,  369. 
Fraser's  ribbed  iron  retorts,  4a. 
Freezing-  of  water  in  gasholder  tanks  and  cups,  199. 

of  water  in  governor  tanks,  225. 
Freezing   point,    loss    of  illuminating    property    in   coal   gas  on 

exposure  to  the  temperature  of,  4*9. 
French  Carcel  lamp,  357. 

standard  unit  of  heat,  41,  450. 

weights  and  measures,  5^1  to  527, 
Frost,  protection  of  meters  during,  293. 

public  lights  during,  283. 
Fuel  for  carbonizing,  65  to  67. 

tar  as,  66,  67. 
Furnace  fittings,  69. 

gases,  analysis  of,  61  to  64. 
Furnaces,  generator  and  regenerative  retort,  48  to  57. 

Gadd's  principle  of  guiding  holders,  8,  9,  197,  198. 

Gaiting  retorts,  48. 

Galvanized  pipes,  273,  281. 

Gas  and  air,  expansion  of,  by  heat,  92. 

cost  price  of  coal  gas,  456,  457. 

dilatation  of,  in  contact  with  water,  310. 

increase  in  illuminating  power  by  drying,  90,  91. 

loss  of  illuminating  property  in,  on  exposure  to  the  lei 
ture  of  freezing  point,  89. 

selling  price  of  coal  gas,  457. 

value  of,  per  cubic  foot  in  grains  of  sperm,  29. 
Gas-engine,  10,  401. 
Gas  industry  of  the  United  Kingdom,  the,  454  to  464. 

initiation,  development,  and  progress,  454. 
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s  industry — CGtUinued. 

capital  employed,  457. 

cost  price  of  gas,  456. 

illuminating  power  of  gas,  456. 

selling  price  of  gas,  457. 

sundry  useful  notes,  463. 

the  **  auction  clauses,"  461. 

the  "  sliding  scale,"  462. 
3  production,  31. 
seous  hydrocarbons,  79. 

firing,  49.  r. 

ses  occluded  in  coal,  20,  21.  f'l' 

various,  their   specific  gravity,   weight,   and  solubility  in  :{■ 

water,  445.  '\\ 

sholders,  194  to  221. 

at  the  South  Metropolitan  Works,  7. 

at  Windsor  Street,  Birmingham,  8. 

capacity  of,  202,  203. 

counterbalanced,  194. 

dimensions  of  the  principal  materials  in,  203  to  221. 

examples  of  construction  of,  203  to  221. 

painting  of,  199. 

precautions  to  be  observed  in  the  working  of,  199. 

pressure  of,  to  ascertain,  200,  201. 

recipe  for  coating,  199. 

rise  in  the  crown  of,  195. 

single  lift,  194,  195,  203  to  2x0. 

telescopic,  7,  194  to  196,  2x0  to  221. 

trussed  and  untrussed  roofs,  195. 

weight  of,  to  ascertain,  201. 

without  upper  guide  framing,  8,  X97,  198. 
sholder  tanks,  160  to  X94. 

annular  or  ring,  160,  X65,  X92  to  194. 

Arson  (M.)  on  masonry  walls  of,  172. 

brick  and  puddle,  x6o  to  171, 176  to  x86. 

cast,  wrought-iron,  and  steel,  160,  166,  171,  175,  i88t 

cement  mortar  for,  170. 

composite,  X85. 

concrete,  X74,  186,  X87. 
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uider  tanks — conHnued. 

Doug^1as*s  instructions  for  preparing-  concrete,  169. 

dry  wells,  17K 

examples  of  construction  of,  176  to  194.. 

excavations  for,  t6i,  i6s< 

Faija  on  Portland  cement,  170* 

hydraulic  lime  mortar  for*  170, 

leakage  of  water  from  iron,  171. 

materials  of  which  tanks  are  constructed,  160,  166  to  171. 

natural  slope  of  earths,  165. 

Pole  (Dr.)  on  masonry  walls  of,  172. 

puddle,  clay  for,  170. 

steel,  190  to  193. 

stone,  166,  187, 

thickness  of  walls  of,  .171  to  176. 

weight  of  various  earths  and  rocks,  165. 

wrought-iron,  166,  176,  189. 
Gas  lime,  424,  425. 

its  composition,  and  use  in  agriculture,  424,  425. 

results  obtained  by  applying  certain  manures  to  land,  425. 
Gas  managers,  golden  rules  for,  465. 
Gas  meters,  consumers',  289  to  310. 

apparatus  required  for  testing,  295. 

compensating,  290,  291. 

dilatation  of  gas  in  contact  with  water,  310. 

dry,  description  of  the,  289. 

effect  of  overdriving  the  measuring  wheel  of,  292. 

Greenail  and  Heaton's  **  Positive"  meter,  293. 

Hunt's  compensating,  292. 

inspection  of,  292. 

percentage  tables  for  use  in  testing,  297  to  310. 

prepayment,  10,  294. 

protection  of,  from  frost,  293. 

provisions  of  Sales  of  Gas  Act,  1859,  as  to  stamping,  290, 
295  to  297. 

Sanders  and  Donovan's,  291. 

sizes  of,  desirable  to  be  used,  292. 

testing  of,  295. 

to  ascertain  the  number  of  lights  a  meter  will  supply,  311- 
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B  Gas  meters — cmUinued. 
H  Urquhart's  '*  Reliance,"  292. 

H  Warner  and  Cowan's,  291. 

■  wet,  description  of  the,  289. 

'  Gas  production,  31. 

Gas-works,  buildings  and  apparatus  of  a,  459. 

capital  of,  457  to  459. 

cost  of,  465  to  472. 

design  of,  464. 

ornamentation  in,  464. 

site  for  a,  463. 
Gas-Works  Clauses  Act,  1871,  on  testing  for  illuminating  power, 

351.  352- 

on  testing  for  purity,  325. 
Gauges,  pressure,  157  to  160. 

coloured  water  tor,  158. 

differential,  158. 

King's,  157,  158. 

Referees*  street  lamp,  346,  ! 

to  clean  the  glass  lubes  of,  158. 
Generator  and  regenerative  furnaces,  49  to  56. 

Siemens's,  49. 
Glance  or  anthracite  coal,  12. 

Glass  for  public  lamps,  weight  and  thickness  of,  289. 
■Globe  and  sun  lights,  ventilating,  314. 
Gloucestershire  coals,  12,  13. 
Glue  cement  to  resist  moisture,  2>2-^. 
|Gold  bronze  powder,  or  aurum  mosaicum,  320. 

lacquer,  322. 
Golden  rules  for  gas  managers,  465, 
Governor,  district  or  differential,  225. 

exhauster,  106. 

experimental,  351. 

for  internal  fittings,  316. 

Peebles's,  224,  225. 

pressure  and  consumption, 
'Governor,  station,  221  to  225. 

advantages  of  the,  221. 

Braddock's,  221,  223,  224. 
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Governor,  station — continued, 

construction  of  the,  321, 

Cowan's,  222,  224. 

Cowan's  automatic  pressure  changer  for,  224. 

freezing'  of  water  in  tanks  of^  225. 

Hartley's  improvements  in,  223, 

Hunt's*  224. 

Peebles*s,  224. 

steam  stove  for  governor  house,  225. 

valves  useless  as  governors  of  pressure,  221. 

variations  of  pressure  according  to  leve!,  225. 
Graduated  bar  ofphotometer,  350,  351. 
Graham's  horizontal  condenser,  94. 
Grate  bars  and  bearerst  70. 
Gravity,  specific,  and  weight  of  various  substances,  491,  492. 

to  convert  into  Twaddel,  412,  413. 
Green  bronze,  3rg. 
Green  coloured  fire,  385. 
Green's  canvas  screens  in  scrubbers,  1 12. 

purifiers,  140,  141,  145. 
Greenall  and  Healon's  '*  Positive"  meter,  293. 
Greville  on  the  testing  of  ammoniacal  hquor,  413. 
Gwynne's  exhauster,  104. 

H  or  bridge  pipes,  74,  81. 

Hammer  for  breaking  coke,  403,  404.  ^ 

Handy  multiplier  for  wrought-iron,  483.  \ 

rule  for  finding  the  content  of  a  pipe  in  gallons  and  cubic 
feet,  271. 
Harcourt's  aerorthometer,  354  to  357. 

colour  test,  329  to  333. 

pentane  gas  standard  lamps,  359  to  365. 
Harrison  and  Sheard's  apparatus  for  testing  gas  fittings,  313. 
Hartley's  improvements  in  station  governors,  223. 

ammonia  liquor  tests,  414. 
Heat-conducting  power  of  metals,  453. 

expansion  of  air  and  permanent  gases  by,  92. 

specific,  of  solids  and  liquids,  451  to  453. 
Heating,  use  of  gas  for,  10,  401. 
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Heats  of  combustion  with  oxygen,  450. 

Heats  of  retorts,  46. 

Height  of  brackets  and  chandeliers,  313. 

of  lamp  columns,  282, 

of  retort-house  chimneys,  41. 
Hemp  ropes,  to  find  the  weight  of,  489. 
Henry  (Dr.),  inventor  of  purification  by  lime,  3. 

table  of  quality  of  gas  at  different  periods  of  distillation,  27,  28. 
Herring's  section  of  retort,  45. 
High  pressure  incandescent  lighting,  286. 
Hills  (F.  C),  and  purification  by  oxide  of  iron,  7, 

experiments  on  purification  by  means  of  ammonia,  134. 
HisIop*s  process  for  calcining  spent  lime,  7,  127. 
Holders,  gas,  194  to  221. 

capacity,  202,  203. 

counterbalanced,  194. 

dimensions  of  the  principal  materials  in,  203  to  221. 

painting  of,  199. 

precautions  to  be  observed  in  the  working  of,  199. 

pressure  of,  to  ascertain,  200,  201. 

recipe  for  coating,  199. 

rise  in  the  crown  of,  195. 

single  lift,  194,  195,  203  to  210. 

telescopic,  194  to  196,  210  to  221. 

trussed  and  untrussed  roofs,  195. 

weight'  of,  to  ascertain,  201. 

without  upper  guide-framing,  8,  197,  198. 
[olmes  &  Co/s  *'  New"  washer-scrubber,  116,  119. 
Horizontal  burners,  objectionable,  313. 

condensers,  93,  94. 
Hours,  number  of,  during  which  gas  is  usually  burned,  288. 
Hughes's  classification  of  limestones,  148. 
Hiilett's  service  cleanser,  273. 

Hull's  table,  showing  geological  position  of  coal,  10,  ii. 
Hunt's  Birmingham  Corporation  gasholders.  8. 
I  compensating  meter,  292. 

station  governor,  224. 
Hutchinson's  lamp  ser\ice  cleanser,  285,  286. 

street  service  cleanser,  273,  274, 
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lie  centre-valve^  146,  147. 
Hulic  lime  mortar  for  gasholder  tanks,  170. 
Lulic  lute  for  purifier  covers,  142- 
aulic  main^  74  to  76. 

dip  in  the,  8j. 

size  of  the,  74. 

the  *'  Livesey/"  75, 
"ocarbon  and  other  g'ases  and  vapours,  77  to  86. 
ocarbons  absorbed  by  india-rubber  lubin^p  317, 

condensable,  78. 

gaseous,  79. 

volatile,  79. 
ogen  in  coal,  12  to  14. 
ometer,  Beaum^'s,  414  to  416. 

Twaddel's,  411  to  413. 

Illuminating  power,  350  to  368. 

and  specific  gravity  of  gas,  370. 

and  value  of  gas  in  grains  of  sperm,  29. 

apparatus  for  testing  the,  350  to  368. 

Bunsen  photometer,  350  to  354. 

calculations  for  corrections  in  the  consumption  of  gas  and 

the  standard  candle,  352  to  354. 
candle  balance  and  weights,  351. 
corrections  for  temperature  and  pressure,  344,  445,  352  to 

354- 
disc  for  testing,  350. 
experimental  governor,  351. 
experimental  meter,  350. 
from  different  coals  and  cannels,  17,  18. 
graduated  bar  of  photometer,  350,  351. 
impurities  and,  324. 

instructions  of  Referees  on  testing  for,  341  to  345. 
King's  pressure  gauge,  351,  366. 

Kirkham  and  Sugg's  scale  for  jet  photometer,  365  to  367. 
Letheby- Bunsen  photometer,  350,  351. 
loss  of,  on  exposure  to  freezing  point,  89. 
Lowe's  jet  photometer,  365  to  367. 
mode  of  testing  for,  350  to  368. 
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Illuminating  power — continued, 

pressure  and,  317. 

Referees'  one-twelfth  cubic  foot  measure,  347  to  350. 

standard  burners  for  testing,  342,  343,  350  to  354. 

standard  sperm  candle,  350  to  355. 

statutory  regulations  for  testing,  351,  352. 

Sugg's  illuminating  power  meter,  367,  368. 

Sugg's  photometer  table,  355. 

thermometer  and  barometer,  350,  352. 

Thorp  and  Tasker's  jet  photometer,  368. 

throughout  the  country,  456. 

variations  in  the,  368,  369. 

various  proposed  standards  of  lights,  357  to  365. 
Illuminating  power  meter,  367,  368. 
Illumination  devices,  382  to  400. 

Brunswick  stars,  383. 

coloured  fires,  384  to  386. 

crowns,  garlands,  plumes,  scrolls,  &c.,  382. 

illuminated  borders,  384. 

letters,  single  and  double  lined,  383. 

mode  of  supply  and  charge  for  gas,  381,  382. 

service  of  supply  pipes,  381,  382. 
Illuminations,  public,  384  to  400. 
Impurities  and  illuminating  power  of  coal  gas,  324. 

tests  for  the  detection  of,  324  to  341. 
Incandescent  burners  for  street  lighting,  285. 
Inclined  retorts,  4.  36,  37,  45,  57  to  59. 
India-rubber  tubing,  absorption  of  the  hydrocarbons  by,  317. 

varnish  for,  317. 
Ingredients,  chief,  of  which  coal  is  composed,  12  to  14. 
Inspection  of  consumers*  meters,  292, 
Instructions  for  preparing  concrete,  169. 

of  the  London  Gas  Referees,  333  to  350. 
Internal  fittings,  310  to  323. 

absorption  of  the  hydrocarbons  by  india-rubber  tubing,  317. 

Bray's  ventilating  globe  lights,  314. 

burners  in  the  horizontal  position,  objectionable,  313. 

Cowan's  ventilating  globe  lights,  314. 

effect  of  small  and  bad  pipes  and  fittings,  310. 
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Internal  fitting's — continued. 

globes  and  moons,  315. 

handy  rule  for  estimating"  the  number  of  burners  for  light 
ng  large  bLlildings^  315, 

Harrison  and  Sheard's  apparatus  for  testing  fittings,  312 

height  of  chandeliers  and  brackets,  313, 

lighting  of  ordinary  rooms,  313. 

Peebles's  *'  Needle  "  governor  burner,  316. 

pressure  and  illuminating  power,  317. 

regulations  as  to,  311  to  313. 

regulator  or  governor  for,  316. 

salad  oil  in  water-slide  pendants,  to  prevent  evaporation,  313. 

sizes  and  lengths  of  pipes  for  number  of  lights  supplied,  312. 

sizes  of  meters  for  number  of  lights  supplied,  311, 

Strode's  ventilating  sun  light,  314. 

Sugg*s  ventilating  globe  lights,  314. 

varnish  to  prevent  the  escape  of  gas  through  india-rubber 
tubing,  317. 

ventilating  globe  and  sun  lights,  314. 

ventilation  of  rooms,  314. 

Welsbach  incandescent  lighting,  316* 

Wenham's  regenerative  lamp,  314, 

Wright's  *'Acme"  regulating  burner,  316. 
Iron  and  brass,  mixture  for  tinning,  319. 

breaking  weight  of  ropes  of  iron  and  steel  wire,  489. 

contraction  of  cast-iron  in  cooling,  230. 

corrugated  iron  roofing,  487, 

flat  bar,  483. 

handy  multiplier,  for  wrought,  483. 

hoop  iron,  486. 

lineal  expansion  of  metals,  453. 

nuts  and  bolt  heads,  487. 

round  bar,  483. 

safe  load  on  chains,  488. 

sheet  iron  and  steel,  484. 

square  bar,  4S4. 

steel,  484,  485. 

taper  angle-iron  of  equal  sides,  487. 

taper  T-iron,  4S7. 
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I  ron — continued. 

to  resist  the  action  of  fire,  490. 

weight  of  a  sphere  one  inch  in  diameter,  486. 

weight  of  a  superficial  foot  of  iron,  486. 

weight  of  chains,  488. 

Whitworth*s  screws  with  angular  threads,  488. 
Iron  and  steel  gasholder  tanks,  160,  166,  175,  188  to  194. 

leakages  of  water  from,  171. 
Iron,  lead,  and  composition  pipes  for  internal  supply,  312,  317. 
Iron,  oxide  of,  purification  by  means  of,  127,  128. 
Iron  pyrites  in  coal,  16,  19. 
Iron  retorts,  4,  42. 

dimensions  of,  42. 

duration  of,  42. 

Eraser's  ribbed,  42. 

scurfing  of,  42. 

temperature  suitable  for,  42. 

weight  of,  42. 

Jet  photometers,  365  to  368. 

Lowe's,  366. 

scale  for,  366. 

Thorp  and  Tasker*s,  368. 
Jet,  steam,  exhauster,  106. 
Jointing  retort  mouthpieces,  72. 
Jointing  space  in  main  pipes,  227. 
Joints  of  main  pipes,  9,  227  to  236. 

service  pipes,  272. 

Kay's  ball  and  socket  joint  for  mains,  2^2. 

Keates's  moderator  lamp  as  a  proposed  standard  of  light,  358. 

Kern  burner,  the,  285. 

Kilns  for  lime  burning,  150  to  154. 

**  Kimberley  "  joint  for  wrought-iron  main  pipes,  235,  236. 

King's  (Alfred)  pressure  gauge,  157,  158. 

turned  and  bored  joints  for  main  pipes,  9. 
Kirkham  and  Sugg's  improved  Lowe's  jet  photometer,  366. 

scale  for  jet  photometer,  366. 
Kirkham  and  Wright's  annular  condenser,  95. 
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lartip  Hulett,  and  Chandler's  washer-scrubber,  ti6,  117. 
I     *s  furnace,  ^2* 
^  and  Cleland's  steam  jet  exhauster,  to6* 

er  and  varnish^  j2i  to  323- 

deep  gold,  322. 

fine  pate,  322. 

^old,  322. 

green,  323. 

iron,  323. 

red,  322. 

simple  pale,  322. 

yellow,  322. 
quering  brasswork,  323. 

Jiing*s  experiments  in  purification  by  means  of  ammonia,  134. 
.mp,  the  Carcel,  357. 

Harcourt's  lo-candle  pentane,  363  to  365. 

Keates*s  moderator,  358. 
Lamp  columns,  282,  283. 

distance  apart  of,  283. 

height  of,  282. 

size  of  pipe  in,  283. 
Lamps,  street,  282,  284. 

average  meter  system  for,  286. 

Bray*s,  283,  284. 

regulators  for,  286. 

Siemens's,  284. 

Sugg's,  283,  284. 

supply  of  gas  to,  286. 

thickness  and  weight  of  glass  for,  289. 
Lancashire  coals,  12,  13. 
Law  terms,  500. 

Laycock  and  Clapham's  washer-scrubber,  116,  118. 
Layers  of  purifying  material  in  purifiers,  142,  143. 
Lead  and  composition  pipes,  317. 

lengths  and  weight  per  yard,  317. 
Lead,  molten,  238. 

red  and  white,  237. 

weight  of,  for  jointing  mains,  239. 
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Lead  paper,  to  prepare,  325. 

Lead  rings  for  flange  joints,  333. 

Lead  service  pipes,  37a. 

Leakage  in  boilers,  cement  for  stopping,  108. 

indicator,  Lyon's,  343,  344. 

main  pipes,  243,  244. 

of  water  from  iron  gasholder  tanks,  171. 

service  pipes  and  fittings,  225,  273,  374. 
Leases,  terms  for,  500. 
Lebon,  a  pioneer  of  gas-lighting,  2. 
Length  of  day  and  night,  rule  to  find  the,  289. 
Letheby  (Dr.),  composition  of  London  gas  (1866),  446. 

combustion,  temperature,  explosive  power,  and  mechanical 
power  of  gases,  449. 

method  of  determining  the  specific  gravity  of  gas,  371. 

on  proportion  of  products  from  coal  tar,  406,  407. 

on  values  of  different  illuminating  agents,  448. 
Letheby-Bunsen  photometer,  350,  351. 
Lewes  (Professor)  on  the  light  emitted  from  globes,  315. 

composition  of  London  gas  (1894),  447. 

light  obtained  per  cubic  foot  from  i6-cand]e  gas,  447. 
Lids  and  lid  fasteners  for  retorts,  71,  72. 

retort,  luting  for,  72,  73. 

purifier,  apparatus  for  raising,  141,  143  to  146. 

self-sealing  retort,  5,  73. 
Liegel's  producer,  49. 

Lifting  apparatus  for  purifier  covers,  141,  143  to  146. 
Light,  loss  of,  through  mixing  air  with  gas,  369. 
Light,  standards  of,  341  to  368. 
lighting  of  large  buildings,  315,  316. 

of  ordinary  rooms,  313. 

public,  283  to  289. 
Lights,  coloured,  384  to  386. 

numt>er  of,  supplied  by  different  diameters  and  lengths  of 
pipe,  275,  312. 

number  of,  supplied  by  different  sized  meters,  311,  312, 

ventilating  globe  and  sun,  3x4,  315. 
Lignite  or  brown  coal,  13. 
Lilac-coloured  fire,  384. 
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burning,  15010  154. 

gas,  or  spent,  424,  425. 

H [slop's  process  For  calcining'  sp^nt,  127, 

hydraulic,  170. 

kilns,  151  to  154. 

preparation  of,  for  purifying,  126. 

purification  by,  124  to  127, 

quantity  of,  required  to  purify  the  gas  obtained  from  cannel 

and  coal,  148. 
quick,  148. 

weight  and  measurement  of,  148. 
water,  to  prepare,  325. 
lestones,  classification  of,  148,  149. 

their  composition  and  specific  gravity,  149,  150. 
lids,  expansion  of,  453. 
j^iquids,  solids,  vapours,  and  gases,  specific  heat  of,  452,  453. 
Liquor,  ammoniacal,  408  to  414. 
Litmus  paper,  to  prepare,  324. 
Livesey  and  Tanner's  tar  screen,  81. 
Livesey's  (Sir  George)  experiments  in  purification  by  ammonia, 

134. 

gasholder,  without  guide  framing,  7,  8. 

hydraulic  main,  75, 

hydraulic  seal,  198. 

scrubber,  iii. 

South  Metropolitan  gasholders,  7,  8. 

washer,  110. 
London  Argand,  No.  i,  Sugg's,  342,  343. 
London  gas,  composition  of  (1S66),  446. 

II  M  (1894),    447. 

London  Gas  Referees'  one-twelfth  cubic  foot  measure,  347  to  350. 

instructions  for  testing,  333  to  350. 

pressure  gauge,  346. 

sulphur  test,  334,  338  to  341. 
Loss  of  illuminating  property  in  coal  gas  on  exposure  to  freezing 
point,  89. 

of  light  on  mixing  air  with  gas,  369. 
Lute  or  seal,  depth  of,  for  purifier  covers,  142. 
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Luting  for  retort  lids,  72. 

of  joints  in  chemical  experiments^  446. 
Lux's  specific  gravity  apparatus,  376, 
Lyon*s  leakage  indicator,  243,  244. 

Machinery  used  for  charging  and  discharging  retorts,  59  to  61. 

used  for  coke  breaking,  404,  405. 
Main,  hydraulic,  dip  in  the.  Si. 
Main  laying,  236  to  241. 

appliances  used  in,  240,  241. 

average  cost  per  yard  of,  247,  248. 
Main  pipes,  226  to  271.  * 

appliances  used  in  laying,  240,  241. 

average  cost  per  yard  of  laying,  247,  248. 

ball  and  socket  joint  for,  232. 

Brothers's  apparatus  for  testing,  244. 

casting  of,  226. 

coating  of,  233. 

dimensions  of  sockets  of,  229. 

discharge  of  gas  per  hour  through,  258  to  271. 

drip  or  syphon  wells  for,  238. 

expansion  joints  for,  232. 

explosions  in,  241  to  243. 

flanged  joints  of,  230,  232,  233. 

formula  for  calculating  the  weight  of,  226. 

iron  or  rust  cement  for  joint  of,  239. 

jointing  space  in,  227. 

joints  of,  9,  227  to  233. 

**Kimberley'*  joint  for  wrought-iron,  235,  236. 

laying  of,  236  to  243. 

leakage  from,  243. 

Lyon's  leakage  indicator  for,  243,  244. 

metal  of,  226. 

open  joints  for,  227,  231,  237. 

overweight  in,  226. 

recess  for  lead  in  front  of  turned  joint,  228,  229,  231. 

red  and  white  lead  for  joints  of,  233,  237, 

should  be  drilled,  not  cut^  for  the  insertion  of  the  service 
pipes,  273. 
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Main  pipes — cotilinued, 

testing-  of,  226. 

testing  of,  in  the  ground,  243,  244. 

turned  and  bored  joints,  9,  228,  229,  231. 

vulcanized  india-rubber  joints  for,  231,  232. 

weig-ht  and  cost  per  yard  of,  249  to  257. 

weight  of  lead  required  for  jointing",  239. 

wroug"ht-iron  and  steel,  235,  236. 
Main  thermometer,  Drory's,  100. 
Malam  (John),  a  pioneer  of  gas-lighting,  2. 

arrangement  of  purifiers,  13S,  139. 

improvements  in  the  wet  gas" meter,  3, 
Mann's  scrubber,  113. 
Masonry  tank  walls,  i66  to  i88. 
Mastic  cement  for  bLiiIdiny:s,  482. 
Materials  in  gasholders,  dimensions  of,  203  to  221. 

of  which  gasholder  tanks  are  constructed,  166  to  194. 
Maxim  system  of  carburetttng  coal  gas,  378,  379. 
Mean  temperature  of  every  tenth  day  in  the  year,  93. 
Measure,  Referees'  one-twelfth  cubic  foot,  347  to  350, 
Measures  and  weights,  515  to  527. 

decimal  system  of,  521  to  527, 
Measuring  wheel  or  drum  of  a  meter,  155,  156,  289,  292. 
Mechanical  and  architectural  drawing,  colours  used  in,  501. 
Melting  points,  table  of,  454. 

Melville,  of  Newport,  U.S.A.,  a  pioneer  of  gas-lighting,  3. 
Memoranda,  chemical  and  other,  440  to  454. 

miscellaneous  articles,  492,  493. 

office^  494  to  502, 

relating  to  water,  451. 
Mensuration,  epitome  of,  502  to  504. 

approximate  multipliers,  506,  507. 

arithmetical  and  algebraical  signs,  505,  506. 

circle,  cylinder,  and  sphere,  502. 

diameters,   circumferences,   areas   of  circles,   and   sides 
equal  squares,  508  to  514. 

ellipses,  cones,  and  frustums,  504. 

evolutioHj  or  the  extraction  of  roots,  505. 

involution,  or  the  raising  of  powers,  505. 
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Mensuration — continued, 

square,  rectangle,  and  cube,  503. 

triangles  and  polygons,  503. 
Metals,  expansion  of,  453. 

heat,  conducting  power  of,  453. 

melting  points,  454. 

power  of,  for  reflecting  heat,  454. 
Meter,  average  system,  for  public  lighting,  286. 

station,  154  to  159. 
Meters,  consumers*,  289  to  294. 

apparatus  required  for  testing,  295. 

compensating,  290  to  292. 

dry  meter,  description  of  the,  289. 

effect  of  overdriving  a  measuring  wheel,  292. 

Greenall  and  Heaton's  **  Positive,"  293. 

Hunt's  compensating,  292. 

inspection  of,  292. 

Parkinson's  motive  power,  293,  294. 

percentage  tables  used  in  testing,  297  to  310. 

prepayment,  10,  294, 

protection  of,  from  frost,  293. 

provisions  of  Sales  of  Gas  Act,  1859,  as  to  stamping,  290, 
295  to  297. 

Sanders  and  Donovan's,  291, 

size  of  meters  desirable  to  be  used,  292. 

sizes  of  meter  unions,  table  of,  294. 

testing  of,  295  to  310. 

Urquhart's  **  Reliance,"  292. 

Warner  and  Cowan's,  291. 

wet  meter,  description  of  the,  289. 
Methven's  proposed  standard  of  light,  358,  359. 
Meyer  and  Playfair  (Drs.)  on  the  gases  occluded  in  coal,  21. 
Millboard  for  jointing  flanges,  232. 
Miller's  table  of  amount  and  specific  gravity  of  gas  at  different 

periods  of  distillation,  28. 
Miscellaneous  articles,  memoranda,  492,  493. 
Mixing  of  air  and  gas,  effect  of,  369. 
Mixing  the  ingredients  for  coloured  fires,  386. 
Mixture  for  tinning  brass  and  iron,  319. 

36 


KEWBIGGING'S  HANDBOOK    I'OR 


Moderator  lamp,  Keates's,  358. 

Moisture,  corrections  for,  in  gas,  372  to  374. 

glue  cement  to  resist,  323* 

iti  coal,  effects  of,  15  to  19. 
ion's  rising  and  setting,  aSg, 
L^rtar  and  concrete,  169,  481,  4S2, 

blue  lias  lime  concrete,  169,  481. 

cement  mortar,  481. 

coarse  mortar,  481. 

hydraulic  lime  mortar,  481. 

mastic  cement  for  buildings,  482. 

Portland  cement  concrete,  169,  482, 
Morton's  self-sealing  retort  lids,  5. 
Motive-power  gas  meter,  293,  294. 
Motive  power,  use  of  gas  for,  10,  401. 
Mountings  of  retort  bench,  67  to  77. 

bridge  pipes,  74,  84. 

buckstaves,  67  to  6g. 

coke  slaking  apparatus,  67,  68. 

dip  pipes,  75. 

furnace  ash  pans,  68,  70. 

hydraulic  main,  75,  77. 

lids  and  Hd  fasteners,  71,  72. 

retort  mouthpieces,  70  to  73. 
Mouthpieces,  retort,  70  to  73. 
Multiplier  for  wrought-iron,  483. 
Multipliers  for  facilitating  calculations,  506,  507. 
Murdoch  (William)  and  the  invention  of  gas-lighting,  1,  2,  454. 
Muriate  of  ammonia,  409,  434. 

Naphthalene,  89  to  92. 

Bremond  on,  90. 

deposits,  remedies  for,  90  to  91* 
Natural  slope  of  earths,  165. 
**  Needle"  governor  burner,  Peebles's,  316. 
New  Abram  cannel,  22. 
Newcastle  coals,  12,  14. 
New  red  sandstone,  10. 
Night  and  day,  to  find  the  length  of,  289. 
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Togen  in  coal,  12  to  14. 

rthern,  of  Leeds,  a  pioneer  of  gas-lighting,  2, 

rthumberland  coal,  12. 

rthwich,  first  spiral  guided  holder  erected  at,  8. 

mber  of  bricks  in  walls  of  different  areas,  476  to  480. 

mber  of  burners  required  to  light  large  rooms,  315,  316. 

mber  of  hours  during  which  gas  is  usually  burned,  288. 

ts  and  slack  or  dross,  27. 

jections  to  burners  placed  horizontally,  313,  314. 
Iling  (Dr.)  on  purification,  129. 
fice  memoranda,  494  to  529. 

approximate  multipliers,  506,  507. 

arithmetical  and  algebraical  signs,  505,  506. 

authority  to  pay  dividends,  499. 

books  required  in  the  keeping  of  a  gas  company's  accounts, 
494  to  497. 

certificates  showing  that  income-tax  has  been  deducted,  499. 

colours  used  in  mechanical  and  architectural  drawing,  501. 

declaration  for  loss  of  sealed  share  certificates,  49S. 

discount  for  early  payment  of  gas  bills,  497. 

epitome  of  mensuration,  502  to  504. 

French  weights  and  measures,  521  to  527. 

indemnity  for  loss  of  share  certificates  or  dividend  warrant, 

499- 

law  terms,  500. 

money  tables,  527  to  529. 

renouncement  of  proposed  new  issue  on  the  transfer  of  old 
shares,  497. 

renunciation  of  shares  newly  allotted,  497. 

sizes  of  drawing  paper,  501. 

terms  for  leases,  500. 

weights  and  measures,  515  to  527. 
iren  on  the  application  of  sulphate  of  ammonia  in  agriculture, 

421,  422. 
1,  salad,  to  prevent  evaporation  from  water-slide  pendants,  3x3. 
d  red  sandstone,  11. 
'namentation  in  gas-works,  459,  464. 
'sat  apparatus  for  the  analysis  of  furnace  gases,  62. 
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'*  Otto/'  the,  jjas-engine,  to. 

Oval  rptorts,  43. 

Ovens  and  retorts  of  fire  bricks  and  tiles,  44,  45. 

Oxidation  of  pipes,  233,  273. 

Oxide  of  iron,  127,  128. 

average  composition  of  native  bog  ore,  128. 

precautions  required  in  using  fresh,  128. 

purification  by,  7,  127. 

spent,  422  to  424. 
Oxygen,  in  coal,  12  to  14, 

pure,  use  of,  in  purification,  132  to  134. 

Paper  disc  or  photoped  for  testing  gas,  343,  350,  352, 
Paper,  lead,  to  prepare,  325. 

litmus,  to  prepare,  324. 

turmeric,  to  prepare,  324. 
Paper,  sizes  of  drawing,  501. 
Paris  Gas  Company's  charging  machine,  61. 
Parkinson's  motive-power  gas  meter,  293,  294. 
Parrot  or  cannet  coal,  1 1. 

Patterson's  (R.  H.)  discoveries  in  purification,  127,  134. 
Pavement,  tar,  407,  408. 
Pease's  system  of  wire  rope  gearing  for  gasholders,  9,  197,  198, 
Peckston  (T.  S.),  a  pioneer  of  gas-lighting,  2. 
Peclet's   table,   showing  the   relative  effects  of  water  and  air  as 

cooling  agents,  97,  98. 
Peebles's  district  or  differential  governor,  225. 

**  Needle"  governor  burner,  316, 

station  governor,  224. 
Peebles  process  of  enriching  coal  gas,  the,  378. 
Pemberton,  of  Birmingham,  a  pioneer  of  gas-lighting,  2 
Pendants,  evaporation  from  water-slide,  313, 
Pcntane  gas:   Dibdin's  lo-candle  Argand,  360  to  363. 

Harcourt's  proposed  standard  lamps,  359,  360,  363 
Percentage  of  error  in  meters,  table  of,  297  to  310, 
Permian  series,  11. 

Phillips  (Reuben),  a  pioneer  of  gas-lighting,  2. 
Photometer,  Bunsen's.  350,  351. 

Evans's  enclosed,  350. 
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Photometer — continued, 

illuminating  power  meter,  Sugg*s,  367,  368. 

Letheby-Bunsen»  380,  381. 

Lowe's  jet,  366. 

Thorp  and  Tasker*s  jet,  368. 
Pipes  and  fittings,  effect  of  small  and  bad,  310,  311. 

sizes  of,  for  internal  supply,  312. 
Pipes,  ascension,  choking  of,  73. 

brass,  plain,  spiral,  and  fluted,  318. 

bridge  and  dip,  74,  75,  81. 

connecting,  for  purifiers,  147,  148. 

galvanized)  273, 

lead  and  composition,  317. 

main,  226  to  271. 

service,  272  to  281. 
Playfair  and  Meyer  (Drs.)  on  the  gases  occluded  in  coal,  20,  21. 
Pole  (Dr.)  on  gasholder  tank  walls,  172. 
Portland  cement,  170,  228. 

concrete,  169,  481,  482. 

mortar,  481. 
Pouillet's  table  of  colours  corresponding  to  high  temperatures,  46. 
Powders,  bronze,  319,  320. 

size  for,  320. 
Precautions  required  in  the  working  of  gasholders,  199. 
Precipitating  chambers,  99. 
Prepayment  gas  meter,  10,  294. 
Pressure  changer.  Cowan's  automatic,  224. 

Braddock's,  224. 
Pressure,  consumption  and,  225. 

illuminating  power  and,  317. 

variation  of,  according  to  level,  225. 
Pressure  gauges,  157  to  160. 

coloured  water  for,  15S. 

differential,  158. 

King's,  157,  158. 

Referees*  street  lamp,  346. 

to  clean  the  glass  tubes  of,  158. 
Pressure  and  exhaust  registers,  158  to  160. 

Cowan's,  159. 
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Pressure  and  exhaust  registers — continued. 

Crosley's,  158,  159. 

Wrigfht's,  159. 
Pressure  and  temperaturu,  corrections  for,  344,  345,  372  to  374. 
Pressure  of  gasholders,  to  ascertain,  200,  301. 
Pressures,  square  root  of,  from  one-tenth  to  four  inches,  270. 
Price  list  of  wroug-ht-iron  tubes  and  Bttings,  280,  281. 
Primary  air  supply,  52. 

Producing  power  of  various  kinds  of  coals  and  cannels,  17,  18. 
Production  of  coke  from  coaU  12  to  14,  17.  18. 

of  gas  from  coal,  17,  18. 

per  retort  mouthpiece,  46.  , 

Products,  coal,  426  to  439. 

residual,  403  to  420. 
Proportion  of  coke  used  for  firing,  65. 
Protection  of  meters  from  frost»  293. 
Public  illuminations,  382  to  400. 

coloured  fires,  384  to  386, 

devices  for,  382  to  400. 

illuminated  borders,  384. 

mode  of  supply  and  price  of  gas,  381,  382. 

price  of  devices,  383. 

service  or  supply  pipes,  381,  382. 
Public  lighting,  282  to  289. 

average  meter  system  for,  286. 

consumption  of  gas  by  one  burner  throughout  the  year, 

Denayrouze  incandescent  lights,  285. 

distance  apart  of  public  lamps,  283. 

during  severe  frost,  283. 

galvanized  pipes  for  lamp  columns,  283. 

height  of  lamp  columns,  282. 

Hutchinson's  lamp  service  cleanser,  385,  286. 

lamp  columns,  282. 

number  of  hours  during  which  gas  is  usually  burned,  2S8. 

rule  to  find  the  length  of  day  and  night,  289. 

size  of  service  pipes,  283. 

Sugg's,  Bray's,  and  Siemens's  lamps  and  burners,  283,  284. 

weight  and  thickness  of  glass  for  public  lamps,  289. 
Puddle  and  brick  gasholder  tanks,  170,  17G  to  185. 
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uddle,  clay,  170. 
urification,  123  to  154. 

bog  ore,  average  composition  of,  128. 

by  ammonia  in  closed  vessels,  134,  135. 

by  caustic  soda  and  sulphide  of  sodium,  134. 

by  lime  (oxide  of  calcium),  124  to  127. 

by  lime,  sulphide  of  calcium,  and  oxide  of  iron,  combined, 
129  to  131. 

by  oxide  of  iron,  127,  128. 

Brings  process,  132  to  134. 

Claus's  process  of,  134,  135. 

classification  of  the  best  known  limestones,  148,  149. 

extraction  of  bisulphide  of  carbon,  129  to  131. 

Hislop's  process  for  calcining  the  spent  lime,  127. 

impurities  in  crude  coal  gas,  124. 

instructions  for  preparing  lime  for  purifiers,  126. 

method  of  revivification  of  oxide  of  iron,  in  situ,  131  to  134. 

Odling  (Dr.)  on,  129. 

Patterson's  (R.  H.)  researches  in,  127  to  134. 

precautions  required  in  using  fresh  oxide  of  iron,  128. 

removal  of  impurities  by  condensers,  washers,  and  scrubbers, 
124. 

use  of  air  in,  131. 

use  of  oxygen  in,  132  to  134. 

weight  and  measurement  of  lime,  148. 

Weldon  mud  for  purifying,  128. 
'urifiers,  136  to  148. 

apparatus  for  raising  the  lids  or  covers,  143  to  146. 

centre  and  other  change  valves,  146,  147. 

construction  and  arrangement  of,  137  to  142. 

depth  and  t>est  form  of,  140  to  142. 

depth  of  water  lute,  142. 

Malam's  arrangement  of,  138,  139. 

number  of  layers  of  purifying  material,  142,  143. 

rule  for  determining  the  size  of,  142. 

sieves,  trays,  or  grids,  for  lime  and  oxide  of  iron,  143. 

size  of  connecting  pipes,  147,  148. 

water  lute  for  covers  and  hydraulic  centre-valve,  142. 
'urifying  house,  136,  137. 
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ing  house — conHnued* 

arrangement  of,  136. 

elevator  for  lime  and  oxide,  137. 

ventilation  of,  136. 
>le-coloured  fire,  384.  m 

ites,  iron,  in  coal,  16,  19,  20. 
>static  iron,  490. 

entity  of  ash  in  coal  and  coke,  12  to  14,  17,  18. 
brickwork  in  retort  settings,  47. 

carbon,  hydrogen,  nitrogen,  and  oxygen  in  coal,  12  to  14. 
gas  and  coke  obtained  from  coal  and  cannel,  17,  18. 
gas,  per  ton,  and  illuminating  power,  relation  between,  31. 
of  sulphur  in  coal,  12  to  14,  17,  18. 
volatile  matter  in  coal,  12  to  14.  / 

Radiation  and  conduction,  55. 

Radiation  from  retort  bench,  38. 

Rake  for  discharging  retorts,  87,  88. 

Rapid  or  sudden  condensation^  89. 

Reaumur's   thermometer    compared   with    Fahrenheit's    and   the 

Centigrade,  loi,  102. 
Recipe  for  tinning  iron  and  brass,  319. 
Reciprocating  and  rotatory  exhausters,  103  to  106. 
Red-coloured  fires,  385. 
Referees  :  one-twelfth  cubic  foot  measure,  347  to  350. 

instructions  of  the,  333  to  350. 

on  aqueous  vapour  in  gas,  90,  91. 

pressure  gauge  for  street  lamps,  346. 

remarks  on  dry  gas,  90,  91. 

sulphur  test,  325  to  341. 
Reflecting  heat,  power  of  metals  for,  454. 
Regenerative  and  generator  furnaces,  49  to  56. 

or  gas  firing,  5,  49  to  57. 
Registers,  pressure  and  exhaust,  158  to  160. 

Cowan's,  154. 

Crosley's,  158,  159. 

Wright's,  159. 
Registration  as  affected  by  temperature,  91,  92. 
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2gulating  burner,  Wright's  "  Acme,"  316. 

Peebles's  "Needle," 316. 
sgulations  as  to  internal  fittings,  311  to  313. 

statutory,  as  to  testing,  325,  342,  351  to  354. 
^gulator  or  governor  for  internal  fittings,  316  to  317. 
elation  between  quantity  of  gas  per  ton  and  illuminating  power, 

:lative  value  of  different  coals  and  cannels,  30,  31. 

illuminating  agents,  448. 
Reliance  "  meter,  292. 
ssidual  products,  403  to  439. 

ammoniacal  liquor,  408  to  416. 

average  percentage  products  obtained  from  coal  tar,  406, 
407. 

coke  and  breeze,  403  to  405. 

coke-breaking  hammer  and  machinery,  403,  404. 

coke  produced  from  different  coals,  12  to  14,  17,  18. 

coke,  weight  of  a  bushel  and  chaldron  of,  492. 

coke,  weight  of,  slaked  and  unslaked,  65. 

cyanogen,  416  to  420. 

retort  carbon,  64,  403,  428. 

spent  lime,  424. 

spent  oxide  of  iron,  422,  424. 

sulphur  recovery,  Claus's  system,  414. 

tar,  405  to  408. 

tar  pavement,  407,  408. 

total  production  of  tar  and  ammoniacal  liquor  in  the  United 
Kingdom,  405,  409. 

utilization  of  the  tar,  405. 

yield  of  liquor  and  tar  per  ton  of  coal,  25,  29,  30. 

yield  of  sulphate  of  ammonia,  411. 
etort  house,  31  to  88. 
etorts  and  settings,  31  to  59. 

cast-iron,  5,  42. 

cements  for  jointing  clay  retorts  and  mouthpieces,  72. 

clay  retorts,  43  to  47. 

colours  corresponding  to  various  high  temperatures,  46. 

different  forms  of,  42  to  45. 

dimensions  of  retorts  and  settings,  42,  43,  47,  48. 
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ixjits  ai.^  settings — continued^ 

duration  of  clay  and  iron,  42  to  46. 

fire-brick  retorts,  45, 

flues  and  draug'ht  for,  39  to  43. 

Fraser's  ribbed  iron,  42. 

1  used  for  carbonizing  coal  in,  65  to  67, 

"  g^aiting  "  retorts,  48. 

heat  of  retorts  for  efficient  carbonization,  46. 

hints  on  the  setting  of,  37  to  59. 

**  letting  down  "  and  **  standing  off"  of,  42,  65. 

materials  of  which  retorts  are  made,  4,  5,  42  to  45. 

quantity  of  brickwork  in  retort  settings,  47. 

regenerative  and  generator  furnaces  for,  5,  48  to  57. 

scarfing  retorts,  64,  65. 

segmental,  44,  45. 

setting  of  retorts,  46  to  48. 

single  retorts,  33,  43, 

tar  as  fuel  for,  66,  67. 

thickness  of,  42,  43. 

**  through  "  or  double  retorts,  33,  43,  44. 

usual  number  of  retorts  in  an  oven,  38,  47,  51,  53,  57. 
Retort  bench  mountings,  67  to  77. 

ascension  or  stand  pipes,  73,  74. 

bridge  and  dip  pipes,  74,  75,  81. 

buckstaves,  67  to  69. 

cements  for  jointing  retorts,  mouthpieces,  and  lids,  72,  73. 

coke  slaking  arrangements,  67,  68. 

dry  mains,  81. 

furnace  ashpans,  68,  70. 

furnace  frames  and  doors,  66,  70. 

grate  bars,  70. 

hydraulic  main,  74  to  77. 

lids  and  lid  fasteners,  5,  71,  73. 

mouthpieces,  70  to  73. 

self-sealing  lids,  5,  73. 

tie-rods,  68. 
Retort  house,  33  to  37. 

chimney  stalk  for,  41,  42, 

clear  space  in  front  of  benches,  34,  35. 
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Retort  house — continued, 

dimensions  of,  35,  36. 

for  inclined  retorts,  36,  37. 

ground  floor,  33,  34. 

paving  of  floor  of,  35. 

roof  of,  36,  37. 

rule  for  the  size  of  chimneys,  41,  42. 

stage  floor,  34  to  37. 

ventilation  of,  37. 
Retort-house  tools  and  machinery,  59,  61,  86  to  88. 

ashpan,  rake,  and  shovel,  87. 

auger,  87. 

charging  scoop,  87,  88. 

Clegg's  arrangement  for  continuous  carbonization,  6. 

discharging  rake,  87. 

machinery  for  charging  and  discharging  retorts,  59,  61. 

pricker  and  fire  tongs,  87. 

shovels,  87,  88. 
Retort  stack,  37  to  42. 

buckstaves  and  tie-rods  for,  67  to  69. 

buttress  walls,  38. 

chimney  stalk,  41,  42. 

coke  slaking  arrangements  on,  67,  68. 

dimensions  of,  36,  37,  38. 

for  inclined  retorts,  36. 

main  flue  of,  39  to  42. 
Ring  or  annular  tanks,  160,  165,  192  to  194. 
Rocks  and  earths,  weight  of  various,  165. 
Roofs  of  retort  houses,  36,  37. 
Rooms,  lighting  of  large,  315. 

ordinary,  313. 
Ropes,  hemp  and  wire,  489. 

breaking  weight  of,  488. 

weight  and  strength  of,  489. 
Roscoe  (Professor)  on  the  proportion  of  products  obtained  from 

coal  tar,  406. 
Rotator>'  and  reciprocating  exhausters,  103  to  106. 
Round  ropes  of  hemp  and  wire,  489. 

retorts,  43,  44. 
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Rule  for  area  of  atmospherical  condensation,  97. 

for  estimating'  the  number  of  burners  required  for  tig^hting 
large  buildings,  315. 

for  area  of  purifiers^  142. 

for   roughly   estimating   the   amount    of  coal    required  to 
produce  a  given  quantity  of- gas,  28. 

for  size  of  retort-house  chimney  stalk,  41,  42. 

specific  gravity  being  known  to  find  weight  and  quantity  of 
&as,  376. 

to  ascertain  the  weight  of  gasholders,  201. 

to  calculate  the  discharge  of  gas  through  main  pipes,  259. 

to  calculate  the  required  size  of  service  pipes,  276. 

to  determine  the  capacity  of  station  meters,  156. 

to  find  the  content  of  a  pipe  in  gallons  and  cubic  feet,  271. 

to  find  the  length  of  day  and  night,  289. 

to  find  the  hours  of  sunrise  and  sunset,  289. 

to  find  the  pressure  of  gasholders,  200. 

to  find  the  weight  of  hemp  ropes,  489. 
Rules  for  gas  managers,  golden,  465. 

to  convert  Fahrenheit  into  Reaumur  and  Centigrade^ 
conversely,  loi. 


St.  John  and  Rockwell  apparatus,  100. 

Sal  ammoniac,  437. 

Salad  oil  in  water-slide  pendants  to  prevent  evaporation,  313. 

Sales  of  Gas  Act,  1859^  provisions  of,  as  to  stamping  meters,  290, 
295  to  297. 

Salubrity,  comparative,  of  different  illuminating  agents,  447. 

Sand  for  mortar,  170,  481. 

Sanders  and  Donovan's  compensating  meter,  291, 

Saturation^  testing  ammoniacal  liquor  by,  414. 

Scale  for  Lowe's  jet  photometer,  366. 

Scoop  for  charging  retorts,  87,  88. 

Scotch  coal,  12,  13. 

Scott-Snell  system  of  high  pressure  incandescent  lighting,  286. 

Scrubbers,  no  to  115. 

Anderson's  combined  washer  and,  119, 
Barker's  mill  for  distributing  water  in,  113. 
bye-pass  mains  and  valves  for,  120. 
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Scrubbers — continued, 

dry  scrubbers  as  condensers,  98. 

filling  material  for,  iii. 

Green's  canvas  screens  for,  112. 

Holmes  &  Co.'s  "New"  washer-scrubber,  116,  119. 

Kirkham,    Hulett,   and    Chandler's   "Standard"  washer- 
scrubber,  116,  117. 

Laycock  and  Clapham's  "Eclipse"  washer-scrubber,  116, 
118. 

Livesey's  improvements  in,  iii. 

Mann's,  X13. 

number  of  volumes  of  various  gases  which  100  volumes  of 
water  can  absorb,  1 20. 

quantity  of  ammoniacal  liquor  obtained  to  outlet  of,  408. 

rule  for  determining  the  size  of  tower,  115. 

tower,  1x0  to  1x5. 

water  distributing  apparatus  for  the,  xi2,  113. 
Scurfing  retorts,  64,  65. 
Secondary  air  supply,  52. 
Self-sealing  retort  lids,  5,  73. 
Separator  for  tar  and  ammoniacal  liquor,  122. 
Septem  and  decigallon,  515. 
Service  pipes  and  fittings,  272  to  281. 

abrupt  angles  to  be  avoided  in,  274, 

casing  for,  -when  laid  in  ground,  273. 

cast-iron,  wrought-iron,  and  lead,  272. 

Cowan's  service  cleanser,  273,  274. 

diameter  of,   to  supply  lights  at  certain  distances  from 
mains,  275,  276. 

Hulett's  service  cleanser,  273. 

Hutchinson's  service  cleanser,  273,  274. 

leakage  from,  272,  273. 

pitch  of  the  Whitworth  taps  and  dies  for,  277. 

price  list  of,  280,  281. 

processes  for  preserving,  273. 

sizes  of,  for  supplying  lights,  275,  276. 

syphon  or  drip  well  for,  273,  279. 

tinned  or  galvanized,  273. 

to  calculate  the  required  size  of,  276. 
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ice  pipGs^coft^intied. 
uniformity  in  the  screws  or  threads  of,  desirable,  375. 
weight  of  wrought-iron  tubes  and  fitting's,  277. 
retort,  46  to  48. 
looking  stoves,  455. 
on  the  temperature  of  gas  In  the  retorts,  85. 
Lfd's   carbonic  acid,    ammonia,    and   sulphuretted    hydrogen 

testing'  apparatus,  326  to  329. 
3  for  the  storag-e  of  coal  and  cannel,  16. 
bridge's  charging  apparatus  for  inclined  retorts,  59. 
Is,  retort  house,  87. 

of  equal  squares,  &c.,  table  of,  508  to  514. 
nens*s  regenerative  furnaces,  49. 
street  lamps  and  burners,  284. 
^s,  arithmetical  and  algebraical,  505,  506. 
Slivering  metals,  mixture  for,  321. 
Single-lift  gasholders,  194,  195,  203  to  210. 
Single  retort  benches,  33,  43. 
Site  for  a  gas-works,  463. 
Size  for  bronze  powder,  320. 
Sizes  of  drawing  paper,  501. 
Sizes  of  mains,  services,  meters,  and  internal  pipes  desirable  to  be 

avoided,  274. 
Slaked  and  unslaked  coke,  weight  of,  65. 
Slaking  arrangements  for  coke,  65,  67,  68. 
Sliding  scale,  the,  462,  463. 

Slope  of  earths  with  horizontal  line,  natural,  165. 
Sloping  retort  settings,  4,  36,  37,  45,  57  to  59. 
Slow-speed  condenser,  Cleland's,  96. 

Smith,  Beacock,  and  Tannett's  coke-breaking  machine,  404,  405. 
Smith  (Graham)  on  mixing  ashes  with  lime  for  mortar,  482. 
Smith  (Watson)  on  the  bye-products  from  1200  gallons  of  tar,  407. 
Smithy  ashes  for  mortar,  482. 
Soldering,  fluxes  for,  319. 
Solders,  318. 

brazing  or  spelter,  318. 
fine,  318. 
for  copper,  318. 
.glazing,  318. 
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Solders — continued^ 

pewterer's,  318, 

plumbing,  318. 

steel,  318, 
Solids,  liquids,  gases,  vapours,  specific  heat  of,  451  to  453. 
Solubility  in  water  of  various  gases,  120,  445. 
Solutions,  to  prepare  test,  324,  325. 
Somersetshire  coals,  12. 

Somerville  and  Thomas's  coke-breaking  machine,  404. 
Specific  gravity  ofcoal,  and  to  determine  the,  12  to  14, 17,  18,  24,  25. 

a  test  of  quality  of  gas,  370, 

Beaum^'s  hydrometer  compared  with,  414  to  416. 

corrections    foe    temperature,    pressure,    and   moisture  in 
taking,  372  to  374. 

illuminating  power  and,  compared,  370. 

Letheby*s  (Dr.)  method  of  determining  the,  of  gas,  371. 

Lux's  apparatus,  376. 

of  ammoniacal  liquor,  412,  413. 

of  gas,  370  to  376. 

of  gases  at  end  of  each  hour  of  distillation,  28. 

of  limestones,  149. 

of  various  gases,  377. 

of  various  substances,  492,  492. 

ordinary  method  of  determining  the,  of  gas,  370  to  376. 

specific  gravity  being  known  to  find  the  weight  of  a  quantity 
of  gas,  376. 

square  roots  of,  from  -350  to  700,  269. 

to  convert  Twaddel  into,  412,  413. 

weight  and  solubility  in  water  of  various  gases,  120,  445. 

Wright's  method  of  determining  the,  of  gas,  375. 
Specific  heat  of  solids,  liquids,  gases  and  vapours,  451  to  453. 
Spent  lime,  composition  and  use  of,  in  agriculture,  424,  425. 

Hislop's  process  for  calcining,  127. 
Spent  oxide  of  Iron,  422  to  424. 

quantity  of  free  sulphur  in,  127,  422. 

salts  of  ammonia  and  insoluble  cyanides  in,  422. 

Stephenson's  apparatus  for  estimating  the  sulphur  in,  422, 

423. 
Sperm  candle,  the  standard,  350  to  355. 
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m,  value  of  coal  and  gas  in  pounds  and  grains  of,  29,  30. 
ral  and  fluted  brass  tube,  weight  per  foot,  318. 
int  coal,  12, 

Fitaneous  ignition  of  coal,  19,  20. 

ire  roots  of  pressures  from  one-tenth  to  four  IncheSi  270. 
uare  roots  of  the  specific  gravity  of  gas  from  "350  to  700,  269. 
jtack,  retort,  39  to  42. 
acking  of  coal,  15,  16. 
affordshire  coals,  12. 
ige  floor  retort  houses,  34  to  37. 
jks,  rule  for  size  of  retort-house  chimney,  41. 
ndard  burners,  342,  343,  350  to  354. 
sperm  candle,  the,  350  to  355. 
unit  of  heat,  41,  450. 
washer-scrubber,  116,  117. 
Standards  of  light,  foreign  and  proposed,  357  to  365. 
Carcel  lamp,  357. 
Dibdin  and  Harcourt's  lo-candle  pentane  standard,  361  to 

363- 
Fiddes,  359. 

German  normal  paraffin  candle,  357, 
Harcourt*s  pentane  standard,  359,  360. 
Harcourt's  lo-candle  pentane  lamp,  363  to  365. 
Hefner-Alteneck  unit,  358. 
Keates's  moderator  lamp,  358. 
Methven's  standard,  358,  359. 
Station  governor,  221  to  225. 
advantages  of  the,  221. 
Braddock's,  221,  223,  224. 
construction  of  the,  221. 
Cowan*s,  222,  224. 

Cowan's  automatic  pressure  changer  for,  224. 
freezing  of  water  in  tanks  of,  225. 
Hartley's  improvements  in,  223. 
Hunt's,  224. 
Peebles's,  224. 

steam  stove  for  governor  house,  225. 
valves  useless  as  governors  of  pressure,  221. 
variations  of  pressure  according  to  level,  225. 
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Station  meter,  154  to  160. 

bye-pass  mains  and  valves  for,  157. 

cylindrical  and  rectangular,  155. 

mountings  of,  155  to  157. 

registering  mechanism,  155. 

rule  to  determine  capacity  of,  156. 

tell-tale  apparatus,  155. 
Station  meter  house,  154. 

Statutory  regulations  for  testing,  325,  342,  351  to  354. 
Steam  boiler  and  engine,  106  to  108. 

cement  for  metallic  joints,  108. 

cement  for  stopping  leaks  in  boilers,  108. 

diameters  of  cylinders  of  steam  engines,  107.  » 

horse-power  of  steam  boilers,  107. 
Steam  jet  exhauster,  106. 
Steam  stove  for  governor  house,  225. 
Stephenson's  apparatus  for  estimating  the  sulphur  in  spent  oxide, 

422,  423. 
Stone  gasholder  tanks,  166,  187. 
Storage  of  coal  and  cannel,  16. 

of  gas,  194,  203. 

tar  and  ammoniacal  liquor,  121  to  123. 
Stove,  steam,  for  governor  house,  225. 
Strength  of  ammoniacal  liquor,  411. 
Strode's  ventilating  sun  lights,  314. 
Structural  and  commercial  value,,  464. 
Sudden  or  rapid  condensation,  89. 
Sugg^s  Argands  for  street  lighting,  9. 

fiat-flame  burners,  9. 

illuminating  power  meter,  367,  368. 

London  Argand,  No.  i,  342,  343. 

photometer  table,  354,  355. 

regulator  burner,  316. 

street  lamps  and  burners,  283,  284. 

ventilating  lights,  314. 
Sulphate  of  ammonia,  408  to  412,  420  to  422,  437. 

Arnold  on  the  application  of,  in  agriculture,  420. 

Ohren  ,,  ,,  421. 

yield  of,  per  ton  of  coal,  411. 
37 
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Sulphide  of  calcium,  purification  by,  isg  to  131, 
Sulphide  of  sodium  and  caustic  soda,  purification  by,  134. 
Sulphur  compounds  in  gas,  test  for  the,  338  to  341. 
Sulphur  in  cannel,  coal,  and  coke,  12  to  14,  17,  18. 
spent  oxide  of  iron,  127,  422  to  424. 
ilphur  recovery,  Claus's  process,  414  to  416. 
ilphur  test,  the  Referees*,  326. 

Harcourt*s,  329  to  333. 
Iphuretted  hydrogen,  test  for,  325,  328,  332,  334. 
in  and  globe  lights,  ventilating,  314. 
mdry  useful  notes,  463,  464, 
Sydney  shale,  22. 
Syphon  or  drip  wells,  238,  243,  273,  279. 

Tanks,  gasholder,  160  to  194. 

annular  or  ring,  160,  165,  192  to  194. 

Arson  (M.)  on  masonry  walls  of,  172. 

brick  and  puddle,  160  to  171,   176  to  186. 

cast,  wrought-iron,  and  steel,  160,  166,  171,  175,  188  to  194. 

cement  mortar  for,  170. 

composite,  185. 

concrete,  174,  r86,  187. 

Douglas's  instructions  for  preparing  concrete,  169. 

dry  wells,  171. 

examples  of  construction  of,  176  to  194. 

excavations  for,  161,  165. 

Faija  on  Portland  cement,  170. 

hydraulic  lime  mortar  for,  170. 

leakage  of  water  from  iron,  171. 

materials  of  which  tanks  are  constructed,  160,  166  to  191. 

natural  slope  of  earths,  165. 

Pole  (Dr.)  on  masonry  walls  of,  172. 

puddle,  clay  for,  170. 

steel,  190  to  192. 

stone,  166,  187. 

thickness  of  walls  of,  171  to  176. 

weights  of  various  earths  and  rocks,  165. 

wrought-iron,  166,  176,  189. 
Tanks  or  wells,  content  of,  for  each  foot  in  depth,  123. 
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Tar  and  liquor  separator,  122. 
Tar  as  fuel,  66,  67. 

coal,  405  to  408. 

pavement,  407,  408. 

products  from,  406,  407. 

utilization  of,  405. 

yield  of,  per  ton  of  coal,  405. 
Tar  pavement,  407, 408. 

formation  of,  407,  408. 

furnace,  407. 

preparation  of  materials  for,  407. 
Tar  well,  121  to  123. 

capacity  of,  for  different  sized  works,  121. 

content  of  circular  wells  for  each  foot  in  depth,  123. 

dip  well  for  sealing  pipes,  121. 

elevated  cast-iron  cistern,  122. 

tar  and  liquor  separator,  122. 
Technical  quantities  of  miscellaneous  articles,  492,  493. 
Telescopic  gasholders,  7,  194  to  196,  210  to  221. 

counterbalanced,  194. 

precautions  necessary  in  the  working  of,  199. 
Tell-tale  apparatus  for  station  meters,  155. 
Temperature  and  pressure,  corrections  for,  344,  345,  372  10374. 

as  affecting  registration,  91,  92. 

for  carbonization,  46. 

of  clay  retorts,  46, 

of  gas  in  the  bridge  pipe,  85. 

of  gas  in  the  retorts,  81  to  86. 

of  iron  retorts,  42. 
Temperatures,  colours  of  high,  46. 
Terms  for  leases,  &c. ,  500. 
Test,  Referees*  sulphur,  325  to  341. 
Testing  ammonlacal  liquor,  413. 

coal,  22  to  26. 

illuminating  power,  apparatus  for,  350  to  368. 

instructions  of  the  Referees  on,  341  to  345. 

of  main  pipes,  226,  243,  244. 

of  meters,  295  to  310. 

statutory  provisions  on,  295,  325,  341,  351. 
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Tests  for  the  detection  of  the  impurities  in  coal  gas,  324  to  341. 

ammonia,  324,  328. 

bisulphide  of  carbon,  326,  329  to  332. 

carbonic  acid,  324,  326  to  328. 

Gas-Works  Clauses  Act,  1871,  on,  295,  325,  341,  351. 

Harcourt's  colour  test,  329  to  333. 

sulphur  compounds,  338  to  341. 

sulphuretted  hydrogen,  325,  328,  332,  334. 

test  solutions,  to  prepare,  324,  325. 
Thermal  unit  (British),  41,  450. 
Thermometer  and  barometer,  used  in  testing  illuminating  power, 

3501  352. 
Thermometer,  Drory's  main,  100. 
Thermometers,  comparison  of  different,  loi,  102. 
Thickness  of  gasholder  tank  walls,  171  to  176. 
Thickness  of  the  Birmingham  wire  gauge,  484. 
Thomas  and  Somerville's  coke-breaking  machine,  405. 
Thorp  and  Tasker's  jet  photometer,  368. 
Thorp's  rotary  station  meter,  157. 
Through  retorts,  43,  44. 

Time  in  which  a   sum  doubles  itself  at   simple   and  compound 
interest,  521. 

in  which  consumption  of  gas  doubles  by  compound  growth, 

464- 
Tinned  or  galvanized  iron  pipes,  273. 
Tinning  iron  and  brass,  319. 
Tools,  retort  house,  86  to  88. 
Tower  scrubbers,  no  to  115. 

Trammel  used  in  the  construction  of  gasholder  tanks,  166,  167. 
Trays  or  grids  for  purifiers,  143. 
Trias,  permian,  and  carboniferous  series  in  England  and  Wales, 

10,  II. 
Trussed  and  untrussed  gasholder  roofs,  195. 
Tubes,  brass,  weight  per  foot,  318. 

wrought-iron  fittings,  and,  275  to  281. 

price  list  of,  280,  281. 
Tubular,  or  battery  condenser,  96,  97. 
Turmeric  paper,  to  prepare,  324. 
Turned  and  bored  joints  for  main  pipes,  9,  228,  229,  231. 
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Twaddel's  hydrometer,  411  to  413. 

to  convert  into  specific  gravity,  4x2. 

Underground  condensers,  98, 

Uniformity  in  the  screws  or  threads  of  pipes  and  fittings,  275. 

Unions  for  meters,  table  of,  294. 

Unit  of  heat,  standard,  41,  450. 

Untrussed  and  trussed  gasholder  roofs,  195. 

Urquhart's  **  Reliance"  meter,  292. 

Use  of  gas  for  purposes  other  than  lighting,  401  to  403. 

Useful  notes  relating  to  gas-works,  463,  464. 

■  buildings  and  apparatus  of  a  gas-works,  465  to  472, 

calorific  power  of  various  photogenic  compounds,  448. 

capital  of  gas-works,  457  to  461. 

comparative  salubrity  of  illuminating  materials,  447,  448. 

conduct  of  gas-works,  460. 

cost  of  gas-works,  464,  465  to  472. 

golden  rules  for  gas  managers,  465. 

London  gas,  composition  of,  446,  447. 

ornamentation  in  gas-works,  459,  464. 

relative  value  of  illuminating   agents   in   respect  of  their 
heating  and  vitiating  effects  on  the  atmosphere,  448. 

site  for  a  gas-works,  463,  464. 

time  in  which  the  yearly  consumption  of  gas  is  doubled  at 
different  rates  of  increase,  464. 
Usual  dimensions  of  bricks,  473. 
Utilization  of  tar,  405. 

Valon  on  the  use  of  oxygen  in  purification,  132  to  134. 
Value  of  different  coals  and  cannels,  relative,  30,  31. 

of  coal  per  ton  in  pounds  of  sperm,  29,  30. 

of  gas  per  cubic  foot  in  grains  of  sperm,  29, 
Value,  structural  and  commercial,  464. 
Valves  and  bye-pass  mains,  120. 
Valves,  centre  and  other  change,  146,  147. 
Valves,  useless  as  governors  of  pressure,  221. 
Vapours,  gases,  liquids,  and  solids,  specific  heat  of,  451  to  453. 
Variations  in  the  illuminating  power  of  gas,  368,  369. 

of  gas  pressure  according  to  level,  225. 
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Various  gases :  their  specific  gravity,  weight,  and  solubility  id 
water,  120,  445. 
irnish  and  lacquer,  321  to  323. 
golden,  322.  ■ 

for  india-rubber  tubing,  317. 
for  ironwork,  323. 
Velocity  and  force  of  the  wind,  490. 
sntilating  globe  and  sun  lights,  314. 
ventilation  of  purifying  house,  136. 
of  stored  coal,  20. 
rtica!  atmospherical  condensers,  95. 
vitiating  effects  on  the  atmosphere  of  various  illuminating  agents, 

447,  448. 
Voelcker*s  analysis  of  gas  lime,  424,  425. 

on  the  use  of  gas  lime  in  agriculture,  424,  425. 
Volatile  hydrocarbons,  79. 
Volatile  matter  in  coal,  12  to  14. 
Volume  of  aqueous  vapour  in  gas  in  contact  with  water,  373. 

various  gases  which  100  volumes  of  water  will  absorb,  120. 
Vulcanized  india-rubber  joints  for  main  pipes,  231,  232, 
joints  for  purifier  lids,  140. 

Walker's  purifier  connections,  147. 

purifying  machine,  120. 

sulphur  recovery  plant,  414. 
Waller's  exhauster,  104. 

Walls,  thickness  of  gasholder  tank,  171  to  176. 
Warner  and  Cowan's  meter,  291. 
Warner's  annular  condenser,  96. 
Washer  and  scrubber,  Anderson's  combined,  119. 
Washers,  108  to  no,  115  to  120. 

advantages  of  using,  108,  109. 

Anderson's,  log. 

Anderson's  combined  washer  and  scrubber,  119. 

bye-pass  mains  and  valves  for,  120. 

Cathels's,  1 10. 

Cockey's,  120. 

Ford's,  120. 

Holmes  &  Co.'s  "  New"  washer-scrubber,  116,  119. 
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Washers — continued, 

Kirkhanii  Hulett,  and  Chandler's  washer-scrubber,  1 16,  1 17. 

Laycock  and  Clapham*s  washer-scrubber,  116,  118. 

Livesey*s,  1 10. 

Walker's  purifying  machine,  120. 
Water,  dilatation  of  gas  in  contact  with,  310. 

and  air  as  cooling  agents  compared,  98. 

and  atmospherical  condenser  combined,  98. 

channel  condenser,  97. 

distributing  apparatus  in  scrubbers,  iii  to  113. 

in  governor  tanks,  freezing  of,  225. 

in  lutes  of  telescopic  holders,  freezing  of,  199. 

its  power  of  absorbing  ammonia,  109,  iii,  426. 

leakages  of,  from  iron  gasholder  tanks,  171, 

memoranda  relating  to,  451. 

proportion  required  for  scrubbing  purposes,  115. 
Week  valve,  the,  for  purifiers,  146. 
Weight  and  specific  gravity  of  ammoniacal  liquor,  412,  413. 

brass  tube  per  foot,  318. 

coal  and  cannel  per  cubic  yard,  29. 

composition  and  lead  pipes,  317. 

gasholders,  201. 

hemp  ropes,  rule  to  find  the,  489. 

specific  gravity  and  solubility  in  water  of  various  gases, 
120,  445. 

various  earths  and  rocks,  165. 

various  gases,  377. 

various  sections  of  iron  and  other  metats,  483  to  489. 

various  substances,  491,  492. 

wire  and  hemp  ropes,  to  find  the  breaking,  489. 

wrought-iron  tubes  and  fittings,  275,  277. 
Weights  and  measures,  515  to  527. 

French  decimal  system,  521  to  527. 
Weldon  mud  in  purification,  128. 
Well,  dry,  for  gasholder  tank,  171. 

tar  and  liquor,  121  to  123. 
Welsbach,  the,  system  of  incandescent  gas-lamps,  9,  285. 
Welsh  coals,  12,  14. 
Wenham's  regenerative  lamp,  314. 
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v^est's  stokiag  machinery,  5,  60, 
Wet  meter,  description  of  the,  289. 

■i.  or  damp  coal,  result  of  using"*  15  to  tg, 
el  or  measuring  dram  of  a  meter,  i^^t  156,  289  to  2gi. 
,ssoe-Murjich  method  of  enriching  coal  gz^.  379. 
nte  and  red  lead,  ^37. 
lite  Indian  fire,  386. 
litworlb's  scre\^s,  277. 

taps  and  dies  for  gas  tubing,  277. 
gan  cannel  and  coal>  production  per  ton  of,  28. 
lley's  purifier  connections,  147. 
Williams  (Greville)  on  proportions  of  products  from  coal  tar,  406, 

407. 
Wills*s  method  of  testing  ammoniacal  liquor,  414. 
Wilson  on  the  results  obtained  by  applying  certain  manures  to 

land,  425. 
Wind,  velocity  and  force  of  the,  490. 
Winsor,  a  pioneer  of  gas-Iighting,  2,  3. 
Wire  ropes,  weight  and  strength  of,  489. 
Wood  casing  for  service  pipes,  273. 
Wright  and  Kirkham's  annular  condenser,  95. 
Wright's  **Acme"  regulating  burner,  316. 
Wright's  method  of  determining  the  specific  gravity  of  gas,  375, 

pressure  register,  159. 
Wrought-iron  gasholder  tanks,  160,  166,  171,  175,  188  to  194. 
main  pipes,  235,  236. 
multiplier  for,  483. 
tubes  and  fittings,  weight  of,  277. 

**  Yeadon  "  system  of  continuous  carbonization,  6. 
Yellow-coloured  fire,  384. 

Yield  of  gas  and  coke  of  various  coals  and  cannels,    12   to    14, 
17,  18. 

of  sulphate  of  ammonia  per  ton  of  coal,  411. 

tar  per  ton  of  coal,  405. 
Yorkshire  coals,  12. 
Young  and  Aitken's  analyzer,  100. 
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28  Bath  Street. 

Telcgiaphic  Aildrcu :  **OothlC.* 
Telephone   No,  WOf. 

GLASGOW: 

28  West  Nile  Street. 

Tclei[rApbicAddre&i:"OasrmUn. 
Iclepbont  No.  8107,  loyM. 


BELrAST: 
8  Exchange  Place, 

Donegal  Street 

Telcsrraphii:  Add,  :  "OotMe." 

Melbourne: 

23  WRrOHTS  Une, 


\ 


NEWBIGGING'S   HANDBOOK   FOR 


West's  Gas  Improvement  Co.  Ltd., 

ALBION   IRONWORKS,  MILES  PLATTING, 

MANCHESTER. 

CONTRACTORS    FOR 

COMPLETE  RETORT  HOUSE  PLANTS,  &c. 


4 


WEST'S  COMBINED  CHARGING  AND    DRAWING    MACHINE 

Requires  oalj  ono  man  to  direct  M'k  QperalJoas  ofCbarging  and  Drawing  Gas  Retorts.     _ 

£nomtou&   Saving  in   Oarbonlxing    Wagomm  | 

WESrS   STOKINC    MACHIHERY.       (      WESTS  PATENT  COKE  CONVEYOR. 


COAL  HANDLING  PLANTS. 
AIR  COMPRESSORS. 
CAP8TAHS. 

Cm(ml9aum%   a 


REGENERATOR  SETTINGS 
RETORT  BENCH  FITTINGS 
MOUTHPIECES,  VALVES,  Eto. 

id    OlrOutftrs    m«nl    on    apn\loa&\«kn. 


J 


GAS   ENGINEERS   AND   ftUNAGERS. 


m 


Gasholders 


AND 


GAS  APPARATUS. 

Purifiers,  Condensers,  Scrubbers,  Washers, 

RETORT-FiniNGS,  MaINS  FOR  GaS  AND  WaTER,  WoOD  GrIDS. 


THftEE-LiFT  Gasholder.   250  ft.   dia- 


(/•rviu  a   I'hel9.) 


AsHMORE,  Benson,  Pease,  <&  Co.,  Ltd., 

Stockton-on-Tees. 

Telegrams:  "GASHOLDER." 


M 


VI 
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CARLESS,  CAPEL,  &  LEONARD, 

HOPE    CHEMICAL     WORKS, 

Also  at   PHAROS  WORKS,   HACKNEY  WICK,  N.E. 

Specially  distil  Carburine  Spirit  of  the  moat  suitable  grade  for  enriching  Gas;  also  Qu 
Oil  best  adapted  for  injecting  into  the  Retorta,  aa  in  the  Herring  Prooesi. 

Importers  of  Petroleum  for  Garburetting  Water  Gas,  or  for  Manufacturing  Oil  Gas.  Distilkn 
of  Pfintane,  Petroleum  Ether,  and  Naphtha  for  clearing  the  pipes  of  Naphthaline,  etc 

Sola  English  Manufaoturers  of  Petrol— the  best  Fuel  for  Motors,  Auto-Care,  ato. 

SAMPLES    AND    PRICES    MAY    BE    HAD    ON    APPLICATION. 
Talegrama:    •'FOnNDRY,    XiKVEN,    FlFfi." 


HENRY  BALFOUR  &  GO.  LD., 

I-EVEW3     FIFESMIRE- 


E8TMBUSHED    181^. 


London :  47  VICTORIA  STREET,  S,W.       Mr.  HEKRT  PDPLETT,  I.S.E. 

fflAKERS   OF  ALL   CLASSES   OF 

CAS-WORHS  PLANT.   COAL  AND  COKE  SCREENING, 

C0NVEYIH6  AND  ELEVATING  MACHINERY. 
GASHOLDERS   WITH   STEEL   AND   CAST-IRON    TANKS. 

IRON    ROOFS    AND    BUILDINGS. 

THE    "ANNULAR"   BRUSH   SCRUBBER   AND    WASHER. 

FOUR-WAY     VALVES. 


O'NEILL'S   OXIDE 


(NATURAL 
BOO   ORE) 


FOR  GAS  PURIFICATION. 


QAS   PURIFICATION    AND    CHEMICAL   CO. 
160,  161,  16^  9a.\rc\e'P%\.CiX\  W<a\j,^<i, 
OLD    BROAD    StKE-^-^,  V^^^^^.  ^^ 


GAS   ENGINEERS   AND   MANAGERS. 


vu 


GLAPHAM  BROTHERS 


ESTABLISHED  1837.  LIMITED. 

^  WELLISCTOH,  KELSOH,  and  MARKET  STREET  WORKS, 


KEIGHLEY. 

LEST  YOU  FORGET ! 

OUR     SPECIALITIES    ARE 
IN    GREAT    FAVOUR     *      ^ 


"ECLIPSE", 

WASHER   SCRUBBER  cu&laTol,         'H 


(Clnpham's 
Patenl). 


IHK 


WATER  TUBE  CONDENSER 

RAPID  AUTOMATIC  FASTENINGS  and 

RUBBER  JOINT  '^K  for  DRY  LUTE 

PURIFIERS. 
"NEW  CENTURY  COVER" .««  PURIFIERS, 

Self-Sealing 
^  j  Mouthpieces 

i  for  iDcliDed  &  Horizontal  Retorts. 

Mains,  Valves,  etc. 

London  yl^eiiC  THOSlfcSBJtyTOtl^,^:,.!., 
CbesterMi  Boase,  95  toea\1o'WM'iiVt«.V 


NEWBIOGING'S   HANDBOOK   FOR 


Quest  &  Chrime^ 

foundry  and  general  53rass  XVorHs*    I 


ROTHERHAM ; 


Atfd    132    SOUTH WARK    STREET,   LONDON,   S.E. 

MANUFACTURERS     OF 

WET  AMD  DRY  GAS  METERS,  STATION  METERS, 

EXPERIMENTAL   AND  TEST   METERS. 


Improocd  Drp  Gas-meters 


I 


Patent  Four-Way  Disc  and  other  Gas 
Valves. 


Patent  Gas  Main  Governors 

Improved  Consumers*  Gas  Governors. 

Experimental  Apparatus, 

Photometrical  Apparatus, 
Test  Gasholders,  et 

Street  Lanterns, 

Lever  Lamp  Cocks, 
Gas  Main  Cocks, 
Water  Meters,  and 
Plumbers*  Brass 


I 


ALSO    MANUFACTURERS     OF 


t    COWANS    PATENT    **ARC'   LANTERNS  FOR  INCANDESCENT" 
BURNERS,  for  INStDB  and  OUTSIDE  LIGHTING. 
%  COWAN'S    PATENT    HIGH-POWER    QA3-LAMPS.  ^ 

F.  SIEMENS*  PATENT  REGENERATIVE  GAS  BURNERS. 
Patent  High-Power  YentUatlntf  C&a-Lamp>. 
GAS  LIOHTINO  AVPKft.>aviS  W  tN^\Ci  Vit?ifcV\V\VWu 


GAS  ENGINEERS   AND   MANAGERS. 


IX 


R.&  J.  DEMPSTER  LTD. 

5asJEi>^^      MANGHESTER. 
GAS  WORKS  PLANT  of  every  description. 


PURIFIERS. 


EXHAUSTERS. 


WATER-GAS      PLANTS. 


RETORT 
BENCHES 

AND 

MOUNTINGS 
COMPLETE. 


CONDENSERS. 


SCRUBBERS, 
WASHERS^ 


I 


SULPHATE  AND  TAR  PLANTS, 


ORDJNARy  AND    SPIRAL    GUIDED    QKSHO\-0^^^.  \ 

mdon  OffiOB:    165   CRE8HAM    HOUSE,   OV.tt   E\l^K^  %'\%^^^^^' 


GAS   ENGINEERS   AND   MANAGERS. 


SHALLOW-REGENERATOR 
RETORT  SETTINGS. 

FIREBRICKS.    RETORTS. 

SPECIAL   HIGH-REFRACTORY    BLOCKS   Fl 
TEMPERATURES  ABOVE  3000°  F. 

£.  J.  &  J.  PEARSON  LTD.,   STOURBRIDi 


OnADIOBALTT    WAR  OFFICE,  ■.od        esTASHSMiOl 
nrOlA  OFFICE  U«T5  E^^r^fltf^WEtf  J 


HANNA,  DONAI 
and  WILSON, 

EDgiDcers  and  Iron  Founder^^ 
ABBEY  WORKS,  PAISI 


BoUer  MaK«rfl,  CreoKotintf 
Makers,  Ll^hchouseft. 
BaoyB.  BrldtfcB.  Roofs. 
Oil  and  Water  Storage  Tuiki. 
and  Makers  of  Gae  Plant  ef 
every  description.  ^ 


1 


WIGAN  GOAL  &  IRON  GOMPANY  LTD, 

Midtand  and  West  of  Bngland  District  Otiice— 

6  CORPORATION   STREET.    BIRMINGHAM, 


I 


BEST   WIGAN   ARLEY   MINE     -    - 

-     -     GAS   COfL^'a  XS\i  ^^^  ^>^K^^^. 


'•/es^rams:   ••WIGAN.  biRWIHCHKW" 


'\«.W»YVQT\« 


I 


GAS  ENGINEERS  AND  MANAGERS. 


xinfl 


ROBERT  DEMPSTER  &  SONS 

LTD., 

ELLAND,    Yorks.      J 


Direct'Fired,  Generator,  &  Regenerator  Settings, 


4iid  .  . 


Retort  Work  in  all  its  Branches. 


I    Dii 

^■contractors  for  complete  installations  on  horizontal  and. 
^b  inclined  systems,  without  sub-contracting. 

^H  ^      4c      ^     4t 

^M  MASVFACTVRERS  OF  EVERY  DESCRIPTION  OF 

■conveying  and  elevating  apparatus  for  all  purposes. 
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W.  C.  HOLMES  &  Co.' 

PATENT     "NEW"    * 


In   Horizontal  or 


n 


Vertical  Form  where 
floorarea  is  limited. 


SCRUBBER   WASHER 


III  I^SUL^^LL.     ''^ 


Special  Advantages, 

Removal  of  every  tracp  of  7^ 
that  may  escape  Condensation 
in  the  Condensers, 

Comp  fete  Extraction  ofAmmot 


from  the  Gas  without  affed- 
ing  the  Hydrocarbons, 

Minimum    quantity     of  fmh 
water  required. 

Maximum    strength    of  liquor 

obtained. 
Removal  to  a  large  extent  of 


the    Sulphuretted    Hydrogin 
and  Carbonic  Aeid  Gas. 


SPECIAL  NOTE. 


I 


A  Machine  constructed  fur  1,500,000 
cubic  feet  of  Gas  per  diem  isdni 
ing  efficiently  with  1,800,000  i 
feet  of  Gas,  equal  to  1500  cubic, 
per  cubic  foot  gross  area  per  di 
giving  only  1  inch  back  pt 


InZORKS 


HUDDERS  FIELD. 

Telegrams:    "HOLMES.  HUDOERSFIELO." 

London  Office:  YIESTMIHSTER  CHAMBERS,  11  VICTORIA  ST. 


GAS   ENGINEERS   AND   MANAGERS. 


W.  C.  HOLMES  &  CO., 

Engineers  and  Contractors. 


COMBINED  MACHINE  FOR  CYANIDE  AND  AMMONIA  EXTRACTION. 

GASMOI.DERS    OF    Al.i.    SIZES. 

COMPLETE  GAS  AND  CHEMICAL  PLANTS, 

IIVIPROVEP    CONDENSERS,     P.    &    A.    TAR    EXTRACTORS, 
DOUBLE-FACED   WESTERN   VALVES,    Etc. 

Green's    Purifiers   with    Patent    Rubber   Joint 

ROOFS,  BRIDGES,  TANKS,  GIRDERS. 

IMPROVED   CARBURETTEO   WATER-CAS   PLANTS. 

GOye:RNOR3  and  met-^rs. 


WORKS:    HUDDERSFIELD.    ^^hov^.^,  ^x.~«^-»- 

LONDON  OFF/CE-WESTMIMSTER  GM  fShASERS.  ^^  M\Q.'^OH\K  ^'^^^'^'^  ' 


NEWBIOGING'S   HANDBOOK   FOR 


TORBAY  PAIN! 


FOR 


! 

GASHOLDMRS  ^na  GAS  PLANi 


ALSO 


SPECIAL  QUICK-DRYINC  CLOSS 
PAINTS  FOR  LAMP  COLUMMS. 

MMTER    ENAMBLS, 

STOVE    BLACKS,    M 


f   f   ^ 


The  .  . 


Torbay  Paint  Compani 

{Proprietors:   STEVENS   &   CO.),  j 

26,  27,  &  28  BILLITER  STREET,  LONDON,  E.G. 
8  INDIA  BUILDINGS,  FENWICK  STREET,  LIYERPOQ 


TjUorfts  and  Mines —  1 

DARTMOUTH  \^\>  ^WiW.K^.'^'^^a&lj 


GAS   ENGINEERS   AND   MANAGERS. 


For  INCANDESCENT  STREET  LIGHTING. 

Made  throughout  of  Copper.      Tinned. 

Fitted  with  Enamel  Earthenware  Reflector. 

Hook  provided  in    Ventilator  for  suspending 
Anti-Vibrator. 


BRAY"  INCANDESCENT  CAS  BURNER. 

MOH-CORROSIVE. 

itted   with   PATENT  MANTLE   ROD  CLIP. 
Silent.  Cheap. 


ONE    QUALITY    ONLY. 


THE  BEST. 


"BRAY"  INCANDESCENT  CAS  MANTLE. 

MADE  OF  RAMIE.      TOUGH  AMD  UNSHRINKABLE. 


I 


Send  tor  Cmtmlogue  ^ad  Price  Liai. 
-^^ 


GEO.    BRAY   &    CO.    LTO.' 

Bagby   Works,   UE.^^^. 


NEWBIUOINO'S    HANDBOOK    FOK 


A 


LDER  &  MACKAY, 


CSTABLISHU 
IBGO. 


Manufacturers  .f  \^-^  ^l-l^l: 


Patentees  &  Original  Makers  o/  S)ry\ 
Meters  in  Qast  Jron  ^ases 


PATENTEES  &  MAK 


OF 


^ennyintde 
Prepayment    m 
:MeteM, 
Wet  &  Dry. 


Combines 

every 

Jmprovement. 


New  Grange  Works,   EDINBURGH. 

T9l9gnptle  Adanui  "ALDER.   BDINBURQti.''  Tetephoae  No.  t48l,  Ccatrml. 


BRADFORD: 

VENTNOR   STREET   WORKS. 
Ttlegrapbh  .address:  ••  ALDBR. 
Tchphoat  So.  1222, 


LONDON: 

13  VICTORIA  STREET, 

WESTMINSTER,  8.W, 


If. 

1 


GAS   KNOINEKHS   AND   MANAOEKS. 
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NE^VBIOGING'S   HANDBOOK    FOR 


THE  GAS-METER  CO.  LTD., 

PATENTEES   AND   MANUFACTURERS   OF  ^ 

Wet  &  Dry  Gas  Meters,  Station  Meters,  Governors.  Gas  Apparatus,  k 

Works :  LONDOH,  OLDHAM,  DUBLIN,  MANCHESTER. 


I 


FRO 


NDEX  DOOR  REMOVED. 


Used  by  all  the  principal  Qas  Companies  and  Corporations  in  the  Klngdoi 


.^x^■v^.Vfc^■^^^■^.■^.■v•^.^|^.■■»^■• 


For  PriccM  and  PartlculsrM  apply  to 

F.  hr.  CHURCH,  Secretary,  l^\YA>»SS.VK).^^^tA,UlHQON, 


QAS  £2faiN££B3  AND  MANAQ£BS. 


CLAYTON  SON  &  GQ-  LD-, 

LEEDS. 

GASHOLDERS. 

STEEL  TANKS. 

Makers  of  the 

LARGEST  OF  each 
IN  TJ[E  WORLD. 

Wr     ORIGINAL   MAKERS   OF 
fSP/RAL   GUIDED    GASHOLDERS. 

ROOFS,  GIRDERS,  GAS  APPARATUS,  AND 

STEEL  CONSTRUCTIONAL  WORK 

OF  EVERY  DESCRIPTION. 


HIGH-CLASS  BOILERS  a  Speciality. 

.  Telegrams:  "  CAS,  LEEDS."        LONDON  OFFICE  :  60  Queen  Viotoria  SI 


zxn 


NEWBIGGING'S   HANDBOOK   FOR 


J.  &  J.   BRADDOCK! 

(Proprietors:     METERS    LIMITED), 

Globe  Meter  Works,  Oldham, 

45  &  47  WESTMINSTER  BRIDGE  ROAD,  LONDON,  S.E, 

MANUFACTURERS     OF 

BRADDOCKS    NEW    PATENT 

GAS    STATION   GOVERNORS, 

Which  ar«  unequ&Hed  Tor  compaciaoia.  jgovernlng  power,  and  ^ener&l  excell«nc«. 

Hay  be  placed  ia  a  passage  wide  enougli  to  admil  a  flajigfid  p[[HJ  of  equal  bore  to  the  JBlet  and  oulkl. 

BUADDOCK'S     PATENT 

PREPAYMENT  (WET   &  DRY)  GAS-METERS. 


I 


PREPAYMENT    DRY    METER,    WITH    CASH    BOX    DETACHED. 

STATION  METERS  OF  kW.  SMtS.         <L«^'b\i>*v\Ji55  >»KX\5^ 

Illustrated  and  DescrlpUve  Price  Usts  «n  .wWcilVW 
rehgrmm.:    •BRADDOCK,  OLDHXW."  «  -  >\£^*\QVit,  V-O^W*^ 


GAS   KNQINKERS   AND   MAKAG£RS. 


JCUii 


Telephone:  2537,  LondDn  Watl. 


TclcgramB:  ''Townfton,  Lftndoti.** 


ESTABLISHED    1798. 


Offices  aDd  WbolesAl«  Departimt:  34  CAMOMILE  STREET,  LONDON,  E.C. 
Cbemical  aad  Retail  DeparUneDl:  89  BISHOPSCATE  STREET  WITHIN,  E.C. 


CHEMICAL  &  SCIENTIFIC  APPARATUS  MANUFACTURERS' 

PURE  CHEMICALS  FOR  ANALYSIS.     COMPLETE  LABORATORV  FURNISHERS. 

Laboraiorif  Outpttera  to  the  Homo  and  Cofonia/  Departments  of  H.M.  Qovernment, 
Scientific  Institutions,  and  principa/ Gas  Works  and/ndustn'es  throughout  the  World. 


ORSATT 

FISCHER'S 

APPARATUS 

.  .  FOR  .  . 

ANALYSIS 

.  •  OF . , 

FURNACE 
GASES. 


COMPLETE 

APPARATUS, 

IN  CASE, 

£2  10s., 


AS  SUPPLIED  BY  US 

TO   NUMEROUS  CAS 

AND  ELECTRIC 

LICHT 

STATIONS. 


SPARE  PARTS  OF  THIS  APPARATUS  CAN  BE  SUPPLtEO. 
ALSO  ALL  STANDARD  SOLUTIONS  AS  USED  IN  ABOVE  APPARATUS. 


Z 


We  keep  a  large  Stock  of  uff  the  Apparatus  adopted  by  The  Metropolitan  Cos 
Referees  for  testing  the  purity  of  Coal  Gas,  etc. ;  also  every  description  of 
Apparatus  /or  use  of  Gas  Departments. 

maJogiie  ofSOOpa^Bs,  fully  Illustrated,  can  \ie  \\?k4  q^  %.#\aV\w^s  W^  '^^^  ^"^ 


I 


^ 


MADE   FROM   RAMIE. 


Maintain  an  average  light 
of  95  cp.  for  over  500  hours. 


Withstand  Rough  Handling  and  Vibration, 


I 


L 


Unequalled  for  High-pressure 
and  Intensifled  Lights.  ^  ^  ^ 

X  Quality  XX  Quality  XXX  Quality 

(or  Household  ute.  for  Sireet  Lighting.         forHigh  pressure  Lamps, 

and  where  great 
yibration  exists, 

Samples  and  Prices  on  application. 

FALK,  STADELMANN  &  Co.  Ld., 

83,  85,  and  87  Farringdon  Road, 
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WILLEY  &  CO.  LTD., 

LlUighting   C^ngineers, 
LONDON    apd    EXETER. 

MANUFACTURERS    OF  ALL    KINDS    OF 

GAS,    STEAM,    WATER, 

ELECTRIC,   ACETYLENE 

-ec-     FITTINGS. 

Sole  Agents  for  the   United    Kingdom  for  the   DIDIER  -  STETTINER 
SYSTEM   OF   INCLINED    RETORTS. 


I 


Sole  Manufacturera  of  the  '' SIMPSON "  PATENT  AUTOMATIC  METER. 

Sole  Manufacturers  of  the  "PICKERtNG"  PATENT  PURIFIER  VALVES 
and  GROVE  <fc  PICKERING'S  HYDRAULIC  PURIFIER  VALVES. 

Large  Assortment  of  GAS  COOKING  STOVES  and  GAS  FIRES. 


GASHOLDERS,  TELESCOPE   and    SINGLE  LIFT,   PURIFIERS,  CONDENSERS, 
WASHERS,  ENGINES  and  EXHAUSTERS,  STATION  METERS  and  GOVERNORS 

Manufactured  and  Erected. 


■^  •  ^- 


London  Meter  Works :   32a  Hertford  Road,  De  Beauvoir  Town,  London, 

Exeter  Mder  Works:  James  Street,  Exeter. 

LondoQ  Offires:   18  Adam  Street,  Adelphl,  London^  W.C* 

Sbowrooms:  93  Fore  Street,  Devonport,  and  4-  Cross  Street,  Barnetafile. 

Depots  at  Plymouth,  Devonport,  Swansea,  Newportt  and  Llanelly. 


Telegraphic  Address:    ''WILLEY,    EXETER.'* 
Telephone  No,  J32,  EXETER. 


HUTCHINSON  BROTHERS 

AND  COMPANY    LIMITED. 

GAS    ENGINEERS,    Etc. 


I 


MAKERS    OF 

WET   AND    DRY    GAS-METERS. 
STATION    METERS   AND    GOVERNORS. 
BRASS  MAIN  COCKS,  LAMP  TAPS,  UNIONS, 

FERRULES,  Etc. 
THE  "FALCON"  LAMPLIGHTER'S  TORCH. 
BRASS  AND  COPPER  SYPHON  PUMPS. 
SERVICE    CLEANERS,    Etc. 


■ 


Lead  Saturators,  Acid  Tanks,  Elevators  and  CockSj 

Copper  Salt  Scoops,  and  Sundries. 

Apparatus  for  Chemical  Lead  Burning. 


WROUGHT-IRON    AND    WOOD   PURIFIER    GRIDS. 

SCRUBBER    BOARDS. 

MACHINERY,  TOOLS,  AND  SUNDRIES  FOR  GAS-WORKS. 


FALCON    WORKS,   SAGKVILI.E   STREET, 

BARNSIiEY. 

i        Telegrams:  '■HUTCHINSON  RftOS..  \^t.W^\.^^^:  ^v^^V^^^v^  >sv.> v..-NVVSS^a 


r 


OAS   KNGIN'EERS   AND   MANAGERS. 


SDALirEDKE 


xtfm 
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%X/INKELM  ANN'S       'VOLCANIC" 

^^  and  '*VOLCUM"  CEMENT.  Kirc  Kt-sisl. 
ancc  up  10  4500'  Fahr.  In  use  in  Gas-WorWs  all 
over  the  Wurld. 

ANDREW  STEPHENSON. 
183  I'Ai  MKRbTON  House, 
Old  Broad  Strebt. 
Tekgram-j :  ^*  I'o/ianism,  London,^*  LONDON.   E.C. 


^BUCKLEY  BfilCKl 
fANDTfL£  COMPANyl 

Buckley  vrA  Chester. 


TAAOC  MARK. 

Gibsomte! 


Goods  niail«  of  Clajit  lo 
suit  %arious  purposes. 


RCCIITKRtO 
IRADC  MARK. 


Guods  arc  unexcelled  for  Acid 

Metallme';        Rw^c*-  Having,  cit, 


^flKACf    MARK  t 

rB.H.S 

BflDCK  HfU  BROWN. 


and 


FIRE    CLAY    GOODS, 

ALMOST  ANT  SHAPE  OH  SIZE. 


'     TONCU£0 
AND   CROOVED 


KENT'S  THICK  GAS  COA 

RaiStid  at  THE  WKARNCLIFFE  WOODMOOR  COLLIERY,  BARNSLEY. 

The  folluwiiij;  cxtrarts  .iri-  hniii  an  Analysis  madL-   by  Mr.  R.  O.  I^atfksok,  CI 
Gas-Works,  Cheltcnhain  (Sth  Aujfusi,   1894): — 

Gas  per  Ton  of  Coal    .  11,760  cubic  ft.         Ash I'i6  prrc< 

Illumlnating^  Power         17*44 candles.         Ammoiiiacal     Liquor     per 
Coke  per  Tun  of  Co»l     1,367  ibs.  Ton  of  Coal         .         .     19*7  ^allt 
Sulphur        .          .                 0*96  iiircLiU.        Tar  pL-r  Ton  of  Coai  .      12'2 
For  PrlcBB.  aio.,  ftpply  to  ih«    — - 

WHARKCLIFFE  WOODMOOR  COtLIERY  CO.  ID.,  BARNSLEY; 

ToMr.OEO.  D.WARD,  g  Corn  BxGh&n^e,  CO.;  or  to  Mr.  W.  H.  KJ^KVEY.Z?  L«adenh&tl  St.,  London,  £X. 


EBTABLISMED     IBSO, 


PARKER  &  LESTER, 

THE    ONLY    MAKERS    OF     -     - 

PATENT   ANTtfVlONY    PAINT      -    - 


MANUFACTURERS   - 
AND  CONTRACTORS. 


PARKER'S    IMPERIAL    BLACK  VARNISH, 

Ox/de  Paints,  Oils,  and  General  Stores  toT  Qaa  &tvd  Water  Works. 


WorkB:    ORMSIDE    STEEBI,  0\Ai  VL^^'t  ^^V\i.  XJSWsW*.. 


GAS   ENGINEEUS  AND   MANAGERS. 
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GRAHAM.  MORTON 

&   CO.   LD. 

HEAP  OFFICE  &  WORKS:    HUNSLET,  LEEDS. 


^ 


COMPLETE    INSTALLATIONS    OF    INGLINEO    RETORTS. 
CONSTRUCTORS     OF 

THE    LARGEST    INSTALLATION   OF 

INCLINED    RETORTS    IN    THE    WORLD 


IMCLUDINC  STRUCTURAL  IRONWORK,  HYDRAULIC  MAINS,   FOUL  MAmS, 

ELEVATING  AND  CONVEYING  MACHINERY,  ETO.  CTO. 


1 


LOMQON  Office:   LENNOX   HOUSE,  NORFOLK  STftttT,  ^T^KX\^,>H5i, 
OLAsaow  OFriCE:  ^63  HOPE  STREET 


XXX 


NEWUIOGIXQ'S  HANDBOOK   FOR 


BIGGS,  WALL  &  GO., 

CHEMICAL  PLUMBERS  AND  LEAD  BURNERS, 
13  Cross  Street, 
Finsbury,    LONDON,    B.C. 

Works:  Hampden   Works,   NEW   50UTHCATE.   M. 

MANUFACTLfRERS  OF 

SULPHATE     PLANTS     «,  a„y  capacity 

IMPROVED  STILLS,  with  loose  faced  Trays  for  easy 
cleaninXr  vC^y'inz  Alaximum  Heating  Surface,  Minimum 
Consumption  of  Fuel,  and  Greatest  Yield  of  Salt. 

*  *       * 

SJk  MiMnM  tOnS    of    any    size    made    to    orden 
Solid.  Cast^  or  Rolled  Plate  of  pure  virg-in  Lead. 

*  ^       * 

SULPHATE  STORES.        ACID   TANKS. 

Draining:  Tables.     Sulphuric  Acid  Chambers. 

SOLID   DRAWN   LEAD  PIPES  or   BENDS,  any  thickness  or  diameter. 
ACID    ELEVATORS.       ACID    COCKS. 

COPPER   FISHING    LADLES. 

pm-        REPAtRS    EXEOUTBD    iMMEDttkTELY.        -«1 

Steady,  Reliable  Lead  Burners,  with  Tackle,  sent  to  any  part 
for  urg^ent  repairs. 

SpecWcstion,  Drawings,  and  full  parl\cu\eiT&  Qti  ^^^VvcvWcs^. 
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NEWBIGOINO'S   HAXDBOOK    FOR 


PARKINSON    apd 
W.    &   B.    COWAN,    LTD., 


(COWAN    BRANCH), 


WET  AND  DRY  GAS  METERS. 
PATENT  COIN-IN-THE-SLOT  METERS. 


STATION  METERS  and  STATION  GOVERNORS 

APPARATUS  FOR  THE  COWAN  PRESSURE  SYSTEM. 

TESTING  GASHOLDERS.  TEST  METERS. 

PRESSURE  and  EXHAUST  REGISTERS,  PRESSURE  GAUGES,  k 
Service  Cleansers. 

METERS  for  Lamp  Pillars,  Footway  Meter  Boxes,  and 
other  Gas  Apparatus, 


I 


SMITH     SQUARE    WORKS, 
WESTMINSTER. 

LONDON,    S.W. 

Telephone  No.  1643,  Victoria. 

BUCCLEUCH   STREET 
WORKS, 

EDINBURGH. 

Telephone  No.  753. 


■ 


DALTON   STREET  WORKS. 
NEWTOWN, 

MANCHESTER. 

Telephone  No.  i 

COLONIAL    METER   WOR 
MACOUARIE  PLACE 

SYDNEY,    N.S.W. 


i 


L 


Telephone  No,  ^SltU 
Ttttgrapbic  AntdrenscM— 

Dlac,  London."        **  D'wc,  !&anc\vt%leTr         ^^  \>\Ws^^\Ti^>a^r        "  aUcs  Sydney.** 


GAS  ENGINEERS   AND   MANAGEBS. 
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LABORATORY  EQUIPMENT 


IN 


APPARATUS  AND  PURE  CHEMICALS 


FOK 


Gas  Testing  and  Analyses  of  all  hinds. 


JOHN  J.  GRIFFIN  &  SONS,  LTD., 

30-26,    SARDINIA    STREET, 
LINCOLN'S    INN    FIELDS,    LONDON,   W.C. 

HOLMSIDJEJGAS^  COALS. 

lABORATORY  ANAlYSiS :    By  Messrs,  J.  A  H,  S.  PATJtHSOH. 

Yi«.'ld  of  Ga*.  per  Ion        ....        lo.j^oo  Cubic  Feet. 

lUumiiialiiiK  power        ....       17  SlamlarU  Spcrni  Candles. 

Illuminiilini;  Value  expressed  in  Spcnn        bi2  lbs.  per  i<m. 

Coke E>S'8  prr  cent. 

Volalile  Matlers .^i 'J  p*^r  Ct-nt. 

HOLMS! DE  G.AS  COALS  are  supplied  to  Oil-  principal  Gas  Companirs  al  Humr 
and  Abroad,  the  daily  produce  being  about  5500  Ions.  These  Coals  are  well  known  lo 
be  aniontHi  the  best' pro<luced  in  the  Counly  of  Durham,  and  are  *ihippcd  on  the  River 
Tync  ill  Tyne  Dock,  and  at  Dunston  Staiths  ;  also  .hI  North  and  South  Docks,  Sunderland. 

South  Moor  Peiton  Gas  Coals 

An-  .(f  iMju.-il  quality  l<>  lln-  '*  Mulniside'   Coal,  and  are  aKo  larjjely  used  by  Gin 

Companies   at    Home   and    Abroad.        They   are   shipped    in    Tyne    Dock   and 

Dunston  Staiths,  and  al  North  and' South  Docks.  Sunderland. 

Both  descriptiona  can  be  bought  through  the  principal  Uterohanta  in  England,  or  from 

Mr.    MARK    ARCHER, 

HOLMSIDE  &  SOUTH  MOOR  OFFICES,  NEWCASTLE-UPON-TYNE, 

From  whom  copies  of  Analysis  and  further  particulara  may  be  obtained. 
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N'EWBIOQING'S  HANDBOOK   FOR 


"MELDRUM" 


1»AT  E  N  T 


BREEZE  Furnacii 

For  Burning^  Pan  Breeze,  Coke  and  Coal  Duet,  Ashpit  Refuse,  Etc 

12,000 


AT     WORK. 


THE  USE of  BREEZE 
AS  BOILER  FUEL. 


To  ihe  Kilitur  of  ihc 
"JOURNALOr  Ga.5 

LlCIITIKC." 

Sir,— My  attention 
luu  been  drawn  to  a 
letter  appcariog  in  your 
'usuK  for  the  iBih  tilt., 
aakins  for  the  expefi- 
ence  of  users  of  brccie 
AS  boiler  fuel.  The 
special  informal  ion 
your  inquirer  tteHir» 
if.  whether  the  »teel 
pUtc>  of  boilers  are 
injuriously  offcttcd  liy 
t  he  steam  admi  1 1  cd 
under  th«  /ire-grate. 
As  the  fint  user  of  the 
Meldrum    furnace,      ] 


MORE 

STEAM. 

M 

^^^^^B^B^^Hi^^ft 

9e 

^^^^jifl  J  I^Hb^Bo 

^^7 

w^ 

LESS 

COST. 

pcrnutlc 


may    lie 
v»y    I  hat  for  leo 
I    have   eapttiJtO 
'  •>iiin:tliou     with 
Kiilcrs,    and    that 
(Jelrrioralicm     uf 
flito   has  occunwLj 
i-  Itiiililv  d«4raN4 
.til  \-ijt  fucU  >boiil 

Ml.li^f  J. 

iiii~uii-ler> 
I  tie  wfficiet 
hiniace  jh«' 
tlti>.  Vour 
■  Ir'it  need 
liesitalioai    in 

t  htii  ecotKiiBical  M< 
convenient  Apfoialli 
\4  licrcviT  foiall  cbe^i 
(<icl  U  a«-;uUl4c. 

T.  HOICATV, 
Cms  £^gi% 
Ualifu, 

Fch.  lo,  1B9I. 


ALSO  MAKERS  OF  STEAM  AND  WATER  JET  APPARAT 


<ae»f 


] 


FOR    SULPHATE    PLANTS. 


ACrO    ELEVATORS, 
AGITATORS, 
LiQUlO    ELEVATORS, 
MILK  OF  LIIVIE   INJECTORS 
RETORT   SCURFERS.  | 

Blowen  for  Oa>  Furnaces,  CompreBtors,  Ejectors,  Automatic  Oas   Exhauster  u 
Oovernor,  Revivifying  Blowers  (Continuous  and  Intermittent),  Ventilators,  etc 


L 


MELBnUKi  BROS.  \."\\i.,immvv\,t«.^VVlRW.taTE 


And  66  VICTOWK  «\WS:^,^«J^>^V*K^^V\S!»JW». 


GAS   ENGINEERS  AND   MANAGERS. 


xzxv 


Bruce  Peebles  &  Co.  U- * 

ENGINEERS,  TAY  WORKS,  EONNINGTON,  EDINBURGH. 
Hamfacturen  of         GAS    METERS 

ORDINARY   AND   PREPAYMENT. 

GAS   GOVERNORS  ot  ah  Kinds 

For   GASWORKS   and  CONSUMERS. 


"fiEBLES,  EOfnBURGH. 


Incandescent  Mantles. 


BRITISH    MAKUFAGTURE. 

Made  of  the  Best  English 
Ramie  Silk,  for  all  Burners 
in  use.  Suitable  for  STREET 
and  DOMESTIC  UCHTINC  .  .  . 
Used  by  many  LARGE  GAS 
COMPANIES. 


Samptas  and  Price  list  on  application  to 
The   MAKERS- 


The  Guaranty  Incandescent  Mantle  Co. 


Streatham,  London,  S.W. 


Ltd., 


LAMBERT    BROS., 

.Manufacturers  of  WW    JK,   M^  .^9  JK.   X^   X^« 

Wrought  Iron  Tubes  and  Fittings  for 
Gas,  Water,  and  Steam. 

GAS  VALVES;  BRASS  MAIN  COCKS  AND  FITTINGS;  IRON 

COCKS,  Screwed  and  Fiangred;   LAMP  COLUMNS;  STEAM 

AND  WATER  VALVES;  TOOLS,  ETC. 


^s^a 
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NEWBIOGING'S   HANDBOOK    b'OR 


FLETCHER,  RUSSELL,  &  CO.  LTD., 


.f^lBGS. 


COOKING   RANGES, 

CARVING   TABLES, 

LARGE   OVENS, 

CONFECTIONERS'    OVENS, 

CRILLERS, 

SMOOTHING    IRONS, 

HOT   PLATES, 

BOILING   BURNERS, 

RAPID   WATER   HEATERS, 

GAS   FIRES   and 

KEATING   STOVES, 

LABORATORY   &   WORKSHOP 

APPLIANCES, 

Etc.  Etc 


Showrooms:  131  peen  Victoria  St.,  Londoa,  E.C.,  4  130  Deansgate,  Manchester. 

W4flRINCT0H,  WV^UV»^i%Tt^^  kM  LONDON 


GAS   ENGINEERS   AND   MANAGERS. 


ABOVE    FLOOR. 


NEW  CONVEYOR  GO.  LTD 

PATEHT  HOT  COKE  CONVEYOR, 

LITTLE'S 

PATENTS 

COKE 
CONVEYOR. 

♦  ♦ 

COAL 
CONVEYOR. 

*  * 

CHAIN. 

CHECK      " 
SLIDE 

DOORS. 

«   ♦ 

RETORT 

BENCH. 

♦      ♦ 

YARD 
CONVEYOR. 

0RAWIN08     OM 

APPLICA  TtOM, 

ARCHD.   Limes  PATENT  DWARF  INCLIKED  RETORT  BENCH 

CAN    BE   BUILT   It4    HOUSE   32    FEET   FROM    FLOOR   TO    EAVES. 

3  JFyr  JET  M  VY  VC/^^^^J^ 


BELOW    FLOOR. 


xxxvni  NEWBIGGING'S   HANDBOOK   FOR 


GEORGE  GLOVER  &  GO.  ltd 

Drp  6a$  ll^etcr  manufacturers* 


All  Sizes  in  Stock  up  to  500-Lights. 


HIGHEST   AWARDS   AT   THE   PRINCIPAL    INTERNATIONAL   EXHIBITIONS 
DURING   THE    LAST  40   YEARS. 


LONDON,  I     MANCHESTER,     )  LEEDS. 

ROYAL  AVENUE,  CHELSEA,     i       138  PRINCESS  STREET.        |      9    DEWSBURY    ROAD. 
Wfn:"0/tYfl»£TEft$,LaHaC/l.'     }      Win:    "SLOT.   MANCHiSfEU,"     ]       Wirt :  "METeflS.  LEEDS  ' 


I 


MOBBERLEY   &   PERRY, 

STOURBRIDGE. 


Best  Quality  only   INCLINED.   . 

.  .  of  .  .  HORIZONTAL 

Gas  Retorts.        SEGMENTAL 


L 


FIRM-BRICKS.     LUMPSg 

SPECIAL  FOR  INTENSE  HEAT.         | 


GAS  ENOINEKRS   AND   MANAGERS. 
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REGISTERED  STAMP  Domestic  No.  i. 

ON  EACH  MANTLE. 


Street* 


MEDAL 


THE 


U 


V  I  V  I  ^  &  BURNER 


PROTECTED    BV    LETTERS    PATENT. 

MAGNIFICENT    LIGHT. 


The 


Vivid 


60a  WILSON  STREET,  FINSBURY,  LONDON,   LC. 

Telegrams:  **ViyiDATA,  LONDON."  TcAev\\owe%  ^^"&V  C^^"K^^V. 


XI. 


NEWBKKUNG'S   HANDBOOK   FOB 


Sulphate  of  Ammonia 


Saturators 

Of   Ei/ery    Description, 


I 


Acid  Tanks. 


Snlplate  Drainers. 


Acid  Ejectors.    Copper  Scoops,  k. 


Repairs    a    Speciality. 


ik 


Joseph  Taylor  &  Co., 

Central    Plumbing    Works, 

.  .  Bolton  .  . 

Telephone  No.  0848.  '^leV^isy^^nx^-. '^^^Tv-ViT^Vix^^^^NViTN: 


UAS   EXOINEERS   AND    MAXACKK: 


XI.I 


Messrs.  HUMPHREYS  &  GLASGOW 


AND 


The  UNITED  GAS  IMPROVEMENT  CO.,  U.S.A. 


CARBURETTED-WATER-GAS  PLANT. 

DOUBLE-SUPERHEATER    SYSTEM. 

II.  &(;..  LONDON.    1459980,000    Cu.  l-t.  Dally 
v.  C.I.  CO..  U.S.A.   381,000,000    Cu.  R.  Daity 


TOTAL  526,980,000 


Cu.  Ff.  Daily. 


Messrs.  HUMPHREYS  &  GLASGOW, 
38,  Victoria  Street,  London,  S.W. 
31,  Nassau  Street,  New  York. 


TH€  UNITED  CAS 

IMPROVEMENT  COMPANY, 

Philadelphia. 


Telegrams 


/  "  EPISTOL\R\ .  V-OnViiiH.' 


Xtn  NEWBIGGIKG'S   HANDBOOK   FOR 


APPLY    TO 

Newton,  Chambers,  &  Go. 

LTD., 

ThornclifFe  Iron  Works  &  Collieries, 


4 


Near    SHEFFIELD. 

CSTABLfSHCO     17  BQ. 


A 


LOBDOH  OFFICE:  16  GREAT  GEORGE  STREET,  WESTfflNSTER. 

Telegraphic  Addresses;  "NEWTON,  SHEFFIELD;"  "ACCOLADE,  LOHDOH." 
FOR    EVERY    DESCRIPTIOH    OF  ^ 

GAS-WORKS  APPARATUS  AND  PLANT. 


i 


k 


RETORT  BENCH  FITTINGS,  CONDENSERS,  SCRUBBERS. 

PURIFIERS, 

With  or  without  Lutes,  a  SPECIALITY. 

GASHOLDERS, 

With  Steel  or  Cast-iron  Tanks,  of  any  Magnitude. 

BRIDGES,  GIRDERS.  ROOFING. 

Complete  Gas-Works  erected  at  Home  or  Abroad. 

-—  4 

DESIGNS.    SPECIFiCATIQHS,  AHO   t^TWK\t^  ^WHV^>«.\^. 


I 


^K^^^S 

^^^^^             GAS  ENGINEERS  AND   MANAGERS. 

Exhausting  Machinery. 


I 


Oldest  Makers  of  High-Class  Exhausting  Machinery 
of  all  Capacities  and  for  all  Purposes.     -     - 


Waller's  Patent  3  and  4  Blade  Exhausters, 


I 


Require  less  Steam  and  mainlain  a  steadier  Gauge  than  any  other  type. 
OVER     lOOO     SURRl-IEO. 


Waller's  Patent  "Combined"  Exhausting 
^  Sets  for  Small  Works. 

With  Steam  or  Gas  Engine,  and  all  Accessories  self-contained  on  one  base 
^^         piate.     From  500  cubic  feet  to  10,000  cubic  feet  per  hour. 

Specially  Designed   Exhauster  Sets  for 
P      Water-Gas  Plants. 

Exhausting   Machinery  for   Bye-Product 
^       Plants. 
Toke-Breaking  Machinery. 

Tar,   Liquor,  and  Water  Pumps. 

QEORQE  WALLER  &  SON 

165  Queen  Victoria  Street,  London,  E.C. 


i 


Works :  Phoenix  Ironworks,  Stroud^  Qloucestershfrc, 


Telegraphic  Addressci—  Telephone  Nnoibcra— 

i           London :  "  Weighbeam.  London."        Jw  London:  mso  (P.O.)  Central. 

Stroud:    "Waller.   Brim  scorn  be.'"  Stroud  :  «io  Brimsconibe. 

Agents  for  Scctlund  :    D.   M.  Nklson  &  Co.,  53  WatL-rloo  Slrerl,  (iliisgow. 
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NEWBIOOING'S   HANDBOOK   FOR 


CARBURETTED 

Water-gas  Apparatus. 

MERRI FIELD—  WESTCOTT  -  PEARSON    PATENTS. 

THE  ECONOMICAL  GAS  APPARATUS  CONSTRUCTION  Co.  Ltd. 


J.  T.  Wkstcott,  Mnnager. 

L   1,.  ^fl.KKIFll■.LIt,  M.liibt.Nr.K. 


W.  H.  PKARSON.  Cliairman. 

\\\  II.  Pkaks^pn,  Jim.,  DepLiiv  Chiiirninn.       L   1,.  ^f i.KKiFii-.Lit,  M.liibt.Nr.K..  Engincf-r 

London  OfRoes:   19  ABINGDON    STREET,  WESTMINSTER,  S 

TEI-EORAPUiC   AOhRKSJi:    "CARBURETTED.    LX)NDON 
American  Offices .   TORONTO. 


H 


CARBURETTED  WATER-GAS  ENCINEERS. 


1 

Wtm 

fl^^l<r..-i    if  -  ■'  .,;^^^^^  »t 

"^^H^^^^V 

The  Maximum  Daily  Capacity  of  the  Birmingham  Corporatlona  Plant,  which  iru, 
erected  by  IhVft  CompaJvi/\%  YllftWAAQU  CUBIC  FEET.  " 

The  M.-W,-P,  PLANT  h  de^\iwt(\  V^i  \\^t  VV^MH\'y^V'%s.^'5\\^^0^i%^^ 

Wm-      AESULTS    PROW  tHtr  F*<i»tHO^  .     -^ 


GAS   ENGINEERS   AND   MANAGERS. 


S.  CUTLER  &  SONS, 

Millwall,    LONDON. 


i 


INCLINED  RETORT  BENCHES 

WATER  TUBE   CONDENSERS. 

Dry  Lute  Purifiers. 

JAGER'S    PATENT    GRIDS, 

PATENT  ROTARY  WASHER. 

GASHOLDERS. 
TANKS. 

CUTLER'S   PATENT   GUIDE   FRAMING. 

Steel  Tanks  a  Speciality. 

STEEL    BUILDINGS. 

GASWORKS  APPARATUS  OF  EVERY  KIND. 


GREATEST    ECONOMY^            HtGMEST    EFfiCiENOY. 

THE 

DELLWIK-FLEISGHER 

WATER-GAS    PROCESS 

^«, 

FOR 

Reducing  the  Cost  of  Gas  Manufacture 

^ 

ANU 

Increasing  the  Capacity  of  Coal-Gas  Works 

ALSO    FOk 

Driving  of  Gas  Engines,  Incandescent  Lightingi      ^m 

and  Manufacturing  Purposes.               ^^^ 

PAT 

This  Process  has  b 

ENT8  IN  ALL  COUNTRIES.                                ^^| 

een  adopted  at  the  folio 

wing  Oas  Works:—   ^^H 

West  Bromwich. 

Pfortsheim. 

Berne.                                 '  r 

Iirord. 

Prauen. 

Lyons. 

Tipton. 

Barmen- KUtershausen. 

St.  Quentin. 

Cleethorpes. 

Nuremberg  (2  orders}. 

Rome  (a  orders). 

Bilston. 

MUIheim  a/R, 

Trieste. 

Rushden  and  Hlgham 

Ludwigshafen. 

aijon  (Spain). 

Ferrers, 

Q  lis  trow. 

Arnhem  [2  orders \ 

Barking. 

Halberstadt. 

Zutphen  (Holland). 

Cape  Town, 

Dortmund. 

Beyrouth  (Syria). 

Konigsbers:. 

Salzwedel. 

Brummen.* 

Erfurt  (2  orders). 

Stuttgart. 

Osterfeld.* 

Remscheid. 

/Harlendorf-Beriln. 

Warsteln.* 

Iserlohn.                                Hanau.                                  'Wiborg. ' 

Blue  Water-Oas  wllh  lacnndcsccnt  Ughtlag. 

b 

Also  Forty-flv©  In 

The  Dellwik-Fl 

stallationa  for  HanuCa 

boturing  Purposea. 

I 

EISCHER  WATER- 

Gas  Syndicate, 

n 

25  Victoria  Street,  Westminster,  LONDON,  S.W.              M 

GAS   ENGINEERS   AND   MANAGERS. 


TUX 


^  ^|\^^  *  ?o  ujmi/  I  HUE    I  AunAu    E  n  ^      ^%  * 


79  MARK  LANE,  LONDON,  E.G. 

SULPHATE   OF   AMMONIA    PLANT, 


I.  !!■« 

0. 

D  Rntor 

Z.  r<«t  Wfttar  B«ftt«r. 

0.  Darll    liquur   Mm- 

H  Dnlslng  T*bla. 
J.  OratJrtf«caJ 


—    CLCVATIOK 


K.  Limtinc    Arraac*- 

atst. 
L.  IpcBtUqaor  Valve. 
H.  Pr«nra  B«k. 

H.  BalphaU  8  tor* 

0.  ABiWMU>cal  Iil^Bor 


P.  D«vU  Uqnor  Pvoip. 
K.  Oxld«    fvrlflcAtloo 
HMtpi. 


PLAN 


CONTRACTORS  FOR  THE 

Suppfy  and  Erectron  of  TAR  DISTILLATtON  PUNT,  BENIQL, 
TOLUOL,  PrRIDEHB,  SOLVENT  NAPHTHK^  ?^^%%\K\\%,  ^VV^^^. 


NEWBIUGING'S   CANDBOOK   FOR 


THAT 

MANTLE? 

Itisthi  "BON BAG. 


99 


Tlii<i  IllusLiTilion  \<-  I:iltcr,  from  »ii  actual  photograph  (^  a 
"BONBAC"   iiii:andt%'-'«nt  Manilc  j'ltr  ii  h:i»  l>een 

BURNED  OFF  AND  DOUBLED  UP. 


Tliis  proves  ttiat  ihc  "BONBAC"  i«  much  stronger  than  any 
iithrr  liK-andrwrnI  Mantle  on  the  Market.  No  t>Tihnary 
didU)£hl  ot  vibnilian  tnn  poi.sibly  injure  the  **  BOKBAC"  ; 
and  It  i^  tilt;  ni':<-t  flexible  and  lenacluu"  Nlontle  obiatnaUc. 

SPECIAL   PRICES   ON   APPLICATION. 

Imm«iiBe  New  Stock  of  Burners,  FlttlnO>  Globe&»  ^nd  Aooeseoriea  at  Lowui  Rami. 

CATALOGUE    FREE. 


THE   WHOLESALE    FIHINGS    CO.,    80  COMMERCIAL  ROAD,  LONDON,  L 


D.HULEn&Co.Lti 

Gas  Engineers,  " 

Contractors  to  H.M.  War  Office,  etc 


SBowrooms  and  Offiees —     f 
55  and  56  High  Holborn,  LONDON. 

.Waiters  of  .   .  ^ 

OUTSIDE    QAS=  LAMPS, 


Suitable  for  Incandescent  or  Ordim 
Burners. 


■•j2 


SERVICE  CLEANSERS,  DRY  CAS  METERf, 
and  CAS  FITTINGS  of  every  descriptioa 


Vrlce  LlsU  cp  appHcatlMI. 


GAS   ENGINEERS   AND  MANAGERS. 


U 


F.  G.  SUGDEN  &  GO., 

(Carbonizing    l^'pQcialists, 


REGENERATOR  C?  t^^Tpnpfl^^  Cf 
&   GENERATOR  0^mL  K    1  li\Vl'I^ 

S>eep»  Semideept  and  Shallow. 


M 


Photo.   OV    KHOKKBltATOIt  SftTTlNGft  DuilMC  CONSTRUCTION. 

AXIMUM  MAKE  per  Ton  and  Mouthpiece. 
INIMUM  FUEL  CONSUMPTION. 

NUMEROUS  REPEAT  ORDERS  have  been  received  for  each 

of  the  above  types  of  settings. 

RESULTS  GUARANTEED,  RETORTS  RESET. 

BOLE  MAKERS  OF  ~-- *-* 

CRIPPS'    PATENT    CHIMNEY. 

►-4 

DtMlgnt  ana  BMtlmates  on  sppttciitloa, 

28    EAST    PARADE,     LEE  DS% 


UI 
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W.J.  JENKINS  &  Go.  Ltd. 


MAKERS     OF 

F^ETORT    STOKING    MACHINERY. 


ELECTRIC 
HOISTS. 

CAPSTANS. 

FANS. 

AIR 

COMPRESSORS 

CAS 
COMPRESSORS 

MOUTHPIECES 

TAR  and 
LIQUOR 
VALVES. 


THE  D.B.   PATHNT  COAL  PROJECTOR 
AS    INSTALLED    AT    THE    DERBY    OAS-WORKS. 


COAL  aod 
COKE 

BANDUNG 

PLANTS  or  all 

Descriptions. 

COAL  and 

COKE 
BREAKERS. 


^Lf^ 

r^ 

. ,  ^  "•    - -  j^ 

THE  D.ft.  PATENT  HOT  COKE  CONVEYOR. 


ELECTRIC 

CHARGING 

AND 

DISCHARGIMG 
MACHINES. 

ROOFS. 

SCRUB&CRS. 

PURIFIEBi 

CONDENSE^ 

BYDRAUUC 

MAIMS, 

Etc 

FANS  FOR AU 
PURPOSES, 

SUCH  Al 

FORCED 
DRAUGHT 
FURNAi 
INCREA! 

I  he  PRESS! 
JQ  GAS  MAI 
VENTILATII 

OF 
SEWERS.  Elt 


R 


OAS   ENGINEERS   AND   MANAGERS. 


Wimmis's 

latent 


Qlinkering  ^oor. 


Dcscripticp    of   Dcor.  -  - 


TIMMISS  PATENT  CLINKKRING  DOOR  is  fastened  hv  means  of  a  vertical  bar  pivoted 
in  llic  centre  and  pruvidrd  with  a  screw  at  t,hti  lop  end.  When  the  screw  is  Ughtetied  the 
lowrr  end  of  the  bar  is  prwsed  with  equal  force  against  the  lower  comer  of  tlie  door.  Th* 
two  eem«ra  ar«  t»i«r«for«  aubjoet  to  ociu«l  prooouro  and  wmrptng  la  Im- 
pooolblo*  To  release  the  door  ihc  ^-rew  Is  loosened,  and  the  bar  which  is  balanced  by  a 
counter- weight  and  rotates  upon  a  strong  pin  attached  to  the  frame  is  moved  dear  of  the  door. 


Advatytages. 


t.  It  renders  wKrplns  Impooalbla. 

3.  No  prltnary  atir  cnn  pasN  into  the  I'umacc  botwraan  tha  Door  «nd  th*  Fr«me. 

3.  It  ii  tho  only  OIlnkarInK  Door  that  can  be  aaa.lad  top  a-nd  bottonrt  by  tha 
oparAtlon  o^  one  f^etanor. 

4.  There  are  no  con^pllt^Ated  p4i,rta  to  wear  or  to  get  out  of  order. 

5.  Doubia  Doors  l.ki  Ik_'  dl«p«naod  «rith. 

6.  It  occupit^s  no  moro  room  than  tha  ordinary  door. 


Further  Parlicutsrw  mad  Price*  oa  mppttcmtloa  to  the  Pmtejttt*— 

6C0.  f>.  CimmlS,  Riuer  Stour  Works.  Stourbridge. 

Telejirrami;    -'TIMMIS,    LVC."  Nat.   Telephone:   13,  LVt. 


GAS  ENGINEERS. 


CONTRACTORS  FOR^and  ERECTORS 
OF,  ALL  GAS-WORKS  PLANT. 

Regenerators, 
Generators, 


and 


Direct-Fired . 
Retorts.  .  . 

RESULTS  QUARANTEEO, 


Comptete    tnBtaJlationt 

of  Horizontal 

and  inclined  Retorts. 


f(eadO//iee$:  MffTOW  CHAMBERS,  CkM<i^^'\.,^\^WVWat\»^- 


LIV 


>'E\VBIGaiXG'S   HANDBOOK  FOR 


For  IRON,  STEEL 
and  CUPOLA 
FURNACES 

AIbo  for 

GAS  and 

CHEMICAL 
WORKS. 


BOILER    BLOCKS 
and  FLUE 
COVERS. 


FIRE 
CLAY 

and  CANISTER. 


THE  BEST  are  Cheapest, 

Therefore  use  mae  but  THE  BEST 

MANTLES 


SiXv-t 


^ 


i.E. 


"GLASMI" 

They  are   used  by  the  leading  Gas  Companies 
and  Corporations  in  the  Kins^om. 

Write    for    Samples,    and    test    their    Light. giving    Power   and    Durability. 


J.  &  W.   B.  SMITH, 

19  to  23  FARRINCDON  ROAD,  LONDON,  E.C. 


PRICE'S  COKE  Q>  COAL  BARROW 


Effects  a  great  saving  of  time,  lal}our,  and  expense* 


\ 


For  Particulars,   Price,  etc.,  Apply  lo 

Mr.     EDWARD     PRICE, 


1 


»^^yig|^y"    VlvV^e     Km^tvxx^^  ^HQ«TVO^Ki«. 


SOLE  MAKERS— 


ALEXANDER  WRIGHT  &  CO.  LTD. 


tn 


NEWBIGOINO'S   HANDBOOK   FOR 


GIBBONS   BROS. 


"eiBBOMS, 
LOWCH  BORHAL." 


LIMITED, 

DUDLEY. 


7tl»ph9M  Ho.  19a 
BUDUr  eXCHAMBL 


GAS  &  GENERAL  ENGINEERS, 

MILLWRIGHTS    AND    CONTRACTORS. 


CO 


2  CO 

CO  _l 

2  « 

*  CO 


oo 


S      EC 


^     m 

3=      X 
CO      > 

K 
S 

5   5 


CO 


00 


f^      CO 

m     CD 

SO      C3 


o 


CO 

Erectors  of  RETORT  BENCHES,  Inclined  and  Horizontal, 

ON    OUR 

PATENT  GENERATIVE  &   REGENERATIVE  SYSTEMS. 


iMdoafHl  8l  143  PALAGE  CHAMBERS,  Msncit»s(9rt^  TnEVELYAN  BUILDINGS, 
^^/ce:  {         WESTMMTIR,  %M.  0«(ce      \S2  CORPORATIOM  STREET. 


GAS   ENGINEERS   AND  MANAQERa 


B.  GIBBONS,  JUNR. 


1.IMITED, 

DIBDALE   FIRE  CLAY  WORKS, 


Telegraphic  AddresA 

"MACHINE- 

Lower  Qornal. 


DUDLEY. 


Telephone : 

No.  10 
DUDLEY. 


I 


The  Largest  Manufacturers  in  the  Kingdom  of 

MACHINE-MADE  GAS  RETORTS. 


PATENTEES  OF 

MACHINE  MADE  FLANGES   MACHINE  MADE  SLOPERS 


<j 


By  our  process  the  Flan^  of  the 
B«tort  can  be  made  in  the  SIACHINE 
at  the  same  time  as  the  Body,  the 
whole  bein^  then  of  one  consistency, 
vrhich  has  great  advantages  over  the 
process  of  Flanging  by  band. 


TAPERED   OR    PARALLEL. 


By  our  improved  methods  we  make 
these  Retorts  perfectly  smooth  on  the 
Interior.  The  Die  for  making  Tapered 
Ketorta  mechanically  expands  as  the 
Betort  is  made,  thus  ensuring  » 
perfectly  gradual  increase  of  area, 
which  is  almost  impossible  with  hand 
moulding. 


I 


MAKERS  OF 

REGENERATIVE  TILES  OF  EVERY  WELL-KNOWN  SYSTEM. 

LARCE  STOCKS  OF  ORDINARY  FLUE  COVERS,  BURRS,  eOlLER-SEATING 

BLOCKS,  RABBEHED  AND  PLAIN  TILES,  HAND-MOULDED  AND 

PRESSED  BRICKS  OF  ALL  DESCRIPTIONS. 


QLTOn^riONS  SENT  ON   ^PPLIC^TIO^ 


THE    "LUDLOW"    VALVl 

96-98  LEADENHALL  STREET,  LONDON,  E.G. 


Telegrams:    "GUACAVIA,    LONDON." 


Speeialty:  Valves  for  Gas  and  Water 

"  LIDLOW  "  Valves  have  been  Installed  In  the  following  Gas  Plants:— 

Accrtngton,  Bath,  Beckton,  Belfast,  Btackburn,  Brussels,  Buenos  Ayi 
BLxrnlei^,  Colchester,  Crystal  Palace  District,  Dublin,  Dunedin  (N. 
Gothenburg,  Gravesendl,  Halifax,  Hamburg,  Kingston-on-Thannes,  Leei 
Leicester,  Malta,  Manchester,  Ostend,  Port  Elizabeth  (S.A.),  Rochest< 
Rotterdam,  Saltley,  Shanghai^  Southampton,  Southport,  Stockton.  Str 
ford,  Swansea,  Sydney  (N.S.W.),  Todmorden,  Utrecht.  West  Bromwi 
Winchester,  York,  Zevenbergen,  etc.,  etc. 


YOU  WILL   MAKE   NO  MiSTAKE  IF  YOU  SPECIFY  THE  '* lUOlOW,*' 


THOMAS    BUGDEN, 

The  Original  Manufacturer  of 

GAS  BAGS  FOR  MAINS. 


DIvlngr  &  Wadin^r 
Dresses 

nnd 

Under- 


Cylladtr  abd  Roond  Btukp*  Ou  Bm>    ClOthlllfif* 

r«r  npalrtu  KalnB.  ^ 


npalrtM 
AH  8«uu  8Ut«k«d  ud  Tftp«d. 


u 


(NDIARUBDCR   AND   WATERPROOF  GOODS 
of  every  description. 

STOKERS'  MITTS. 

TAR  AND  LIQUOR  NOSE. 

BLUE  8ERCE  SMOCKS  FOR  8CAVENCER8. 

INDIARUBBER  WASHERS  AND  SHEETS 
FOR  JOINTS,  Etc 

OhS   tHtllHE.    BAGS. 


^^SiSiSr^T^iiSTHlu'^     Shippers  and  the  Trade  *u^^\Wd 

±i6  and  118  GosvieU  ^qbA..  \^otv^<^tw, ^.^, 


GAS   ENGINEERS  AND   MANAGERS. 


PURIFIERS  ROOFING  COLUKMB  in  ooufh  of  EncClan,  Mcwoutle  ft  Oateihud  Om  Co. 

Whessoe  Foundry 
Co.  Ltd. 


Works —  London  Office— 

DARLINGTON.  106  CANNON  STREET,  EX. 

GASHOLDERir  DiTy"  S?^^^^  PURIFIERS, 

WROr  AND   CAST   IROM   TANKS. 


Te/e^rams:    "WHESSOC 


\ 


1 


XiX 


NEWBIQGING'S   HANDBOOK   FOR 


ESTABLISHED    1803. 


R.  D.  WOOD  &  Co. 


Engineers 

Iron  Founders 

Machinery:  ~nv 


PHILADELPHIA,  U.S. 

(Cable  Addr«M:  "TUCKAHOEO 


CAST  IRON  PIP 

1  inch  to  72  Inohes  Diameter, 
3  INCHES  AND  OVER,   12    FEET  LONG. 

GASHOLDERS, 

STEEL    TANK 

HYDRAULIC    MACHINERY 

OF  THE   HEAVIEST   DESCRIPTION. 

High  Duty  Pumping  Engines^ 

CRANES,  RIVETERS,    VALVES,  PRESSES.  I 


FIRE  HYDRANTS,  TURBINES,  &  PUMPS. 

HEAVY    CASTING    OF    ALL    KINDS. 

MONO    CAS. 

GAS  PRODUCERS  for  Power  and  Furnace  WorkT 


H 


OaialoguB%    forwardod   on   applioatfon. 


NEWBIGGING'S   HANDBOOK   FOK 


HONE'S  PATENT  BRABS 

AUTOMATIC,  EFFICIENT,  &  ECONOMICAL 

AppNcabfe  to  any  Ordinary   Single  or  Double   Chain  Crane, 


Sole    WIanufacturers— 


The  Thames  Iron  Worts  Shipbuilding  and 
Engineering  Co.  Ld.,  Canning  Town,  London,  E. 


TELEPHONE:  B2B&,   EASTERN. 

fn  extensive  use 

Gas   Companies, 

Coal  ll/lercliants, 

at  Home 


TELEGRAMS !  "THAMES.  LONDON.' 

Ify  tlie   Principal 

Colliery    Owners, 

Contractors,  etc., 

and  Abroad. 


Those  Crabs  are  constructed  of  various  types  for  dealing 
with  Goat,  Coke,  Ballast,  Sand,  Chalk,  Grain,  Macadam,  Ores,  and 
other  materials,  effecting  in  every  case  very  substantial  saving. 


Pric9t  snd  p<rt/culart  on  appfieaf/o/i  wfth  d9t$ll$  of  r9ifufr9ment9. 


1 


neJIS   SIIU11«HKH»  AJVll  HANAUKHS. 


vxia 


J.FirthBlakeley&Co, 

6a$  engineers. 
THORNHILL,  DEWSBURY. 


QAS    EXH4LfSTE.Ra   OF   ANV    CAPACITY. 


Serenl  Seta  in  Stock, 

both  New  and  Second  Hand. 

QA5HOLOERS.        8TCCL    TANKS. 


tppAi  II I  ITIEC  Exhausters  for  imall  Works.    500  to  lOOO  more  Gat  obtained  per  ton  of  Goal. 
irCUmLIIICO  second-hand  Plant-  Every  description  of  New  Manufactures. 


Every  dvmcriitfion  of  Can  PImni, 


CaiafoguvM  on  appUcatlon. 


GOODSON'S 


(ENGLISH   MADE) 


'atent  Frictionless  Gas  Governors 

to  suit  all  kinds  of 

GAS    BURNERS,    STOVES,    FIRES,    Etc. 
MADE  IN   VARIOUS  SIZBS. 


i 


ABOENSrON. 


DEBCENSION. 


GOI 


HORIZONTAL. 


I   m 


GOODSON    &   CO., 

13   MAZE    POUH,    LONDON    ^^\\>Q»^,  ^^1 
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J      hanicat  Specialty  Company,  x. 
tf]      am  party,  xa, 
ca  ion  Company,  vi. 
B.,  jun,,  Ivii. 
.3  Bros.,  ]vi. 
.. ,  G.,  &  Co,,  xx5cvi[i. 
tr,  T,,  &  Co,,  i, 
son  &  Co.  I  Ixiii. 
im,  Morton,  &  Co.,  xxix. 
1,  J.  J.,  &  Sons,  xxxiii. 
laranty  Incandescent  Mantle  Company,  xxxv. 
lest  &  Chrimes,  viii. 

nna,  Donald,  &  Wilson,  xii. 
Harris  &  Pearson,  v. 
Hattersley  &  Davidson,  Ixi. 
Holmes,  W.  C,  &  Co.,  xiv,  xv. 
Hulett,  D.,  &  Co.,  I. 
Humphreys  &  Glasgow,  xli. 
Hutchinson  Bros.,  xxvi. 

Jenkins,  W.  J.,  &  Co.,  lii. 

Kirkham,  Hulett,  &  Chandler,  xix. 

Lambert  Bros.,  xxxv. 

Lampard,  W,  B.,  &  Co.,  xlv, 

Ludlow  Valve  Manufacturing  Company,  Iviii, 

Marsh,  T.  G. ,  xi. 
Meldrum  Bros.,  xxxlv. 
Metropolitan  Gas-Meters,  xlvi, 
Mobberley  &  Perry,  xxxviii. 

New  Conveyor  Company,  xxxvii. 
Newton,  Chambers,  &  Co.,  xlii. 

Parker  &  Lester,  xxviii. 

Parkinson  and  W.  &  B.  Cowan,  xxxii. 

Pearson,  E.  J.  &  J,,  xii. 

Peebles,  Bruce,  &  Co.,  xxxv. 

Price f  E.,  liv. 


GAS    KN(;iNKi:i{>    AND    MANA(iKI{>. 


Smith,  J.  &  \V.  B.,  liv. 
Stephenson,  A.,  xxviii. 
Sug"den,  F.  C,  &  Co.,  li. 

Taylor,  J.,  &  Co.,  xl. 

Thames  Iron  Works  Shipbuilding  and  Engineering  Company,  Ixii. 

Timmis,  G.  H.,  liii. 

Torbay  Paint  Company,  xvi. 

Townson  &  Mercer,  xxiii. 

Vivid  Mantle  and  Burner  Company,  xxxix. 

Waller,  G.,  &  Son,  xliii. 

Welsbach  Incandescent  Gas  Light  Company,  Ixiv. 

West's  Gas  Improvement  Company,  iv. 

Wharncliffe  Woodmoor  Colliery  Company,  xxviii. 

Whessoe  Foundry  Company,  lix. 

Wholesale  Fittings  Company,  1. 

Wigan  Coal  and  Iron  Company,  xii. 

Willey  &  Co.,  xxv. 

Williams,  J.  E.,  &  Co.,  xlvi. 

Winstanley  Specialty  Company,  liil. 

Wood,  R.  D.,  &  Co.,  Ix. 

Wright,  A.,  &  Co.,  Iv. 


